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Art. XX VI.—Professor Marsh’s Monograph of the 
Dinocerata.* 


THE previous numbers of this Journal have contained all, 
or nearly all, of the original papers on the Dimnocerata by the 
author of the present memoir, and it is especially fitting, on 
the completion of his investigations, that at least an abstract 
of the main points of the volume should also be placed 
here on record. The extracts which follow have been se- 
lected with a view to give to the reader a brief sketch of the 
discovery, and general characteristics, of this remarkable group 
of mammals, and their relations to other members of the same 
class, living and extinct. 

The general plan of the present volume, essentially the same 
as that of the author’s previous memoir on the Odontornithes, 
is especially worthy of notice, and might well serve as a model 
for all monographs on similar subjects. In the Introduction, 
the history of the discovery of the Déinocerata, and their dis- 
tribution in time and space, are first presented. A description 
of the various parts of the skeleton in the typical genera of 
the order next follows, richly illustrated, with restorations of 
two forms, and the biologist has then before him a vivid picture 
of characteristic members of the group. In the Appendix, is 
a Synopsis of all the known genera and species, with many 
details for the systematic zodlogist. 


* Dinocerata, a Monograph of an Extinct Order of Gigantic Mammals; by 
Othniel Charles Marsh. 56 plates and 200 woodcuts. i-xviii and 237 pp., 4to. 
Washington, 1884. United States Geological Survey, vol. x. Advance copy 
issued with the permission of the Director. 
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The volume ends with a Bibliography of all the important 
literature on the Dinocerata, and thus the librarian, also, has at 
hand material ready for a catalogue. In most volumes on 
paleontology, as well as on other branches of natural science, 
these four divisions are mixed together, so that each different 
class of readers must seek out what it needs with much labor. 

The author’s general plan of publication was given in the 
introduction to his previous memoir, and this is supplemented 
in the preface of the present volume, from which we quote the 
following : 

“The present memoir is the second of a series of Mono- 

raphs designed to make known to science the Extinct Verte- 
feats Life of North America. In the first volume, on the 
Odontornithes, or Birds with Teeth, the author gave the result 
of his investigations of that remarkable group, which he dis- 
covered in the Cretaceous deposits on the Eastern slope of the 
Rocky Mountains. 

“This second Monograph contains the full record of a 
eculiar order of Mammals, which the author also brought to 
oe in the early Tertiary strata of the great central len 

of the continent. 

“In preparing the present volume, it has been the aim of 
the author to do full justice to the ample material at his com- 
mand, and, where possible, to make the illustrations tell the 
main story to anatomists. The text of such a memoir may 
soon lose its interest, and belong to the past, but good figures 
are of permanent value in all departments of Natural Science. 
What is now especially needed in Paleontology is, not long 
descriptions of fragmentary fossils, but accurate illustrations of 
characteristic type specimens. In the fifty-six lithographic 
plates, and nearly two hundred original woodcuts, in the pres- 
ent volume, it is believed that this requirement is fairly met; 
since all the more important specimens of the Dinocerata now 
known are represented, and at least one figure is given of 
every species.’ 

In the Introduction, the author gives an account of the dis- 
covery of the Dinocerata, with the localities and geological 
horizon in which they are found, beginning as follows : 

“ Among the many extinct animals discovered in the Ter- 
tiary deposits of the Rocky Mountain region, none, perhaps, 
are more remarkable than the huge mammals of the order 
Dinocerata. Their remains have hitherto been found in a 


single Eocene lake-basin in Wyoming, and none are known 
from any other part of this country, or from the Old World. 
These gigantic beasts, which nearly equaled the elephant in 
size, roamed in great numbers about the borders of the ancient 
tropical lake in which many of them were entombed. 
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“ This lake-basin, now drained by the Green River, the main 
tributary of the Colorado, slowly filled up with sediment, but 
remained a lake so long that the deposits formed in it, during 
Eocene time, reached a vertical thickness of more than a mile. 
The Wasatch Mountains on the West, and the Uinta chain on 
the South, were the main sources of this sediment, and still 
protect it, but the Wind River range to the North, and other 
mountain elevations, also sent down a vast amount of material 
into this great fresh-water lake, then more than one hundred 
miles in extent. 

“ At the present time, this ancient lake-basin, now six to eight 
thousand feet above the sea, shows evidence of a vast erosion, 
and probably more than one-half of the deposits once left in it 
have been washed away, mainly through the Colorado River. 
What remains forms one of the most picturesque regions in 
the whole West, veritable mauvaises terres, or bad lands, where 
slow denudation has carved out cliffs, peaks, and columns of 
the most fantastic shapes, and varied colors. This same action 
has brought to light the remains of many extinct animals, and 
the bones of the Dinocerata, from their great size, naturally 
first attract the attention of the explorer. 

“ The first remains of the Dinocerata discovered were found 
by the author, in September, 1870, while investigating this 

ocene lake-basin, which had never before been explored. 
Various remains of this group were also collected by other 
members of the expedition, and among the specimens thus 
secured was the type of Z%noceras anceps, described by the 
author in the following year, and now more fully in the present 
volume. In the same geological horizon with these remains, 
: rich and varied vertebrate fauna, hitherto unknown, was 
ound. 

“ Among the animals here represented were ancestral forms 
of the modern horse and tapir, and also of the pig. Many 
others were found related to the recent Lemurs; also various 
Carnivors, Insectivors, Rodents, and small Marsupials; and of 
still more importance, remains were here brought to light of 
another new order of mammals, the Tillodonts, quite unlike 
any now living. Crocodiles, tortoises, lizards, serpents, and 
fishes also swarmed in and about the waters of this ancient 
lake, while around its borders grew palms, and other tropical 
vegetation. 

“The remarkable Eocene basin North of the Uinta Moun- 
tains, where alone the Dinocerata had been found, offered so 
inviting a field for exploration, that in the spring of the fol- 
lowing year, 1871, the author began its systematic investiga- 
tion. An expedition was again organized, with an escort of 
United States soldiers, and the work continued during the 
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entire season. Among the very large collections thus secured, 
were numerous specimens of the Dznocerata, which furnished 
important characters of the group. 

“In the succeeding spring, 1872, the explorations in this 
region were continued, and soon resulted in the discovery of 
the type specimen, including the skull, and a large portion of 
the skeleton, of Dinoceras mirabile, and on this new genus 
the author based the order Dinocerata. 

“Other important specimens, obtained at this time, and 
described by the author, were the types of Dinoceras lucare, 
Tinoceras grande, Tinoceras lacustre, and others of scarcely 
less interest. 

“Tn the following season, 1873, the author organized another 
large expedition, with government escort, and made a very 
careful examination of the regions in this same basin that 
remained unexplored. One of the specimens of special impor- 
tance thus secured was the type of Dinoceras laticeps, with 
the skull and lower jaw nearly complete. Many other indi- 
viduals of the Dnocerata were also discovered, and the 
abundant material then collected was sufficient to clear up 
most of the doubtful points in this group. 

“‘ The research was continued systematically during the next 
season, also, 1874, and again in 1875, with good results. Since 
then, various small parties, at different times, have been 
equipped and sent out by the author to collect in this basin ; 
and, finally, during the entire season of 1882, the work was 
vigorously prosecuted under the direction of the author, and, 
from July of that year, under the auspices of the United 
States Geological Survey. 

“The specimens thus brought together by all these various 
expeditions and parties are now in the museum of Yale Col- 
lege, and represent more than two hundred individuals of the 
Dunocerata alone. * * * * The present volume is based on 
this material, amply sufficient, it is believed, to illustrate all 
the more important parts of the structure of this remarkable 

oup. 

“ The remaining material of the Déinocerata, now known, 
consists of a few specimens collected by Dr. Leidy in 1872, 
‘including the type of the genus Uintatheriwm; various 
remains secured in the same year by Prof. Cope, to which he 
applied the names Lowolophodon and Hobasileus, with a later 
acquisition called Bathyopsis ; and a number of specimens 
more recently obtained by parties from Princeton College. 
Although these remains show few, if any, characters of the 
Dinocerata not better represented in the larger collection of 
the Yale Museum, full references to the more important speci- 
mens, in most cases with illustrations, are given in the present 
memoir. 
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“The localities in which the Dinocerata have been found 
are on both sides of the Green River, and mainly south of the 
Union Pacific Railroad, in Wyoming. Of two hundred indi- 
viduals in the Yale Museum, about equal numbers were found 
east and west of this river, the distance between the extreme 
localities in this direction being more than one hundred miles. 
The map below covers this region. 


Promontor: 


“The Dinocerata have hitherto been found in a well marked 
geological horizon of the middle Eocene. 


MAP SHOWING REGION OF DINOCERAS BEDS. 
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“The Dinocerata form a well marked order in the great 
group of Ungulata. In some of their characters, they résem- 
ble the Artiodactyls (Parawonia); in others they are like the 
Perissodactyls and in others still, they agree 
with the Frcvcodiions, he points of similarity, however, 
are in most cases general characters, which point back to an 
earlier, primitive ungulate, rather than indicate a near affinity 
with existing forms of these groups. 

“The Dinocerata, so far as now definitely known, may be 
placed in three genera, Dinoceras, Marsh, Tinoceras, Marsh 
and Uintatherium, Leidy. The type specimen of Uintathe- 
rium was discovered near the base of the series of strata con- 
taining the remains of the Dinocerata. Dinoceras, so far as 
known, occurs only at a higher horizon, while Zinoceras has 
been found at the highest level of all. The characters of these 
-three genera correspond in general with their geological posi- 
tion. Uintatherium appears to be the most primitive type, 
and Zinoceras the most specialized, Dinoceras being an inter- 
mediate form. 

“The number of species of the known Dinocerata is a diffi- 
cult matter to determine, especially as the limitations between 
species are now generally regarded as uncertain. About thirty 
forms, more or less distinct, are recognized in the Synopsis at 
the end of the volume. 


Tue SKULL. 


“The skull of Dinoceras mirabile is long and narrow, the 
facial portion being greatly produced. The basal line, extend- 
ing from the end of the premaxillaries along the palate to the 
lower margin of the foramen magnum, is nearly straight. The 
top of the skull supports three, separate, transverse pairs of 
osseous elevations, or horn-cores, which form its most con- 
spicuous feature, and suggested the name of the genus. The 
smallest of these protuberances are situated near the extremity 
of the nasals; two others, much larger, arise from the maxil- 
laries, in front of the orbits; while the largest are mainly on 
the parietals, and are supported by an enormous crest, which 
extends from near the orbits entirely around the lateral and 
posterior margins of the true cranium. These general charac- 
ters are well shown in figure 2, which represents the skull of 
the type specimen. 

“There are no upper incisors, but the canines in the male 
are enormously developed, forming sharp, trenchant, decurved 
tusks, which were each protected by a dependent process on 
the lower jaw. The premolar and molar teeth are very small. 
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“The orbit is large, and confluent with the temporal fossa. 
The latter is of great extent posteriorly, but the zygomatic 
arches are only moderately expanded. There is no post-orbital 

rocess. 

“The nasal bones are greatly elongated, being nearly half 
the length of the entire skull. They project forward over the 
anterior nares, and overhang the premaxillaries. They are 
thick and massive bones, especially in front, and are united 
together by a nearly straight suture. 

“The anterior extremity of the nasal bones, in both Dino- 
ceras and Tinoceras, is formed of an osseous projection, 
pointing forward and downward, and situated in front of and 
below the nasal protuberances. Several specimens in the Yale 
Museum show that this projection is formed of two separate 
ossifications, each in front of its respective nasal bone. 


2 


FigurE 2.—Skull of Dinoceras mirabile, Marsh; seen from the left. One-sixth 
natural size. 


“These bones are a peculiar feature in the skull of Dino- 
cerata, and may be called the pre-nasal bones. In very young 
animals, they are unossified; in adult animals, they are dis- 
tinct, as in the specimen figured ; but in very old animals they 
become codesified with the nasals, and with each other. 
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I 
Figure 3.—Nasals of Dinoceras mirabile, Marsh; type specimen. 
Figurt 4.—Nasals of TZinoceras annectens, Marsh. Both figures are one-fifth 
natural size. a, side view; 6, top view; c, front view. 
6. 
Figure 5.—Posterior surface of skull of Dinocerus mirabile, Marsh. 
Fiaure 6.—Posterior surface of skull of Tinoceras ingens, Marsh. Both figures are f 
one-eighth natural size. c, occipital condyle; /, foramen magnum ; t 
I, lateral crest; 0, occipital crest; p, post-tympanic process; ¢, crest 
’ behind temporai fossa. 


Professor Marsh's Monograph of the Dinocerata. 181 


“The frontal bones in Dinoceras mirabile are shorter than 
the nasals. In all of the known skulls of the Dinocerata, the 
median suture uniting the two frontals is entirely obliterated. 
The suture joining them with the nasals in front, and with the 
maxillaries on the side, is distinct in the type of Dinoceras. — 


FIGURE 7.—Skull of Dinoceras mirabile, Marsh ; with brain-cast in natural posi- 
tion; seen from above. 

FIGURE 8.—The same view of a young specimen of Dinoceras distans, Marsh. Both 
figures are one-eighth natural size. /f, frontal bone; m, maxillary 
bone; m’, maxillary protuberance; naSal bone; x’, nasal pro- 
tuberance; p, parietal bone; p’, parietal protuberance; pm, pre- 
maxillary bone; s, supra-occipital crest. 


“The maxillary bones form a ” x ortion of the lateral sur- 
face of the skull. They contain all the teeth, except those of 
the lower jaw, and also expand into the large median pair of 
osseous elevations, or horn-cores. 

“In one young specimen, the fronto-parietal suture is still 
open, and passes in a nearly straight line across the top of the 
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cranium just in front of the summit of the cerebral hemis- 
pheres. It also divides the posterior elevations, or horn-cores, 
so as to leave the anterior part of them on the frontals, and 
the posterior and highest portion on the parietals. 

“Tn all of the crania of the Dnocerata examined, the 
arietal bones are firmly united to each other on the medial 
ine, and with the supra-occipital behind. * * * * On the sides 
of the cranium, the parietals form the upper portion of the 
large temporal fossee. 


Figure 9.—Side view of skull of Tinoceras pugnaz, Marsh. One-eighth natural 
size. m’, maxillary protuberance; me, external auditory meatus ; 


n’, nasal protuberance; 0, occipital condyle; p’, parietal pro- 


tuberance; pm, premaxillary bone; pn, prenasal ossicle. 


“The occipital region in all the known Déinocerata is large, 
elevated, and sub-quadrate in outline. It varies much in shape 
and size in the different genera and species, and two of the 
principal forms are represented in the figures below. 

“The malar bone completes the anterior portion of the zygo- 
matic arch, extending to the front of the orbit. The suture 
uniting the malar with the maxillary remains distinct till adult 
life, and may usually be traced, even in old animals. This 
forward extension of the malar bone is a general ungulate 
character, and quite different from what is seen in the Probos- 
cidians, where the malar forms the middle portion only of the 
zygomatic arch. 
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FIGURE 10.—Skull of Tinoceras ingens, Marsh; seen from below. 

FigurE 11.—Skull of Dinoceras mirabile, Marsh; seen from below. Both figures 
are one-eighth natural size. a, anterior palatine foramen; }, 
palato-maxillary foramen; c, antorbital foramen; d, posterior 
palatine foramen; e, posterior nares; /, foramen magnum; /’, 
occipital foramen; g, stylo-mastoid foramen; h, foramen lacerum 
posterius ; 7, vascular foramen in basisphenoid ; 7, posterior open- 
ing of alisphenoid canal; &, anterior opening of alisphenoid canal ; 
1, optic foramen. 


“The lachrymal is large, and forms the anterior border of 
the orbit. It is perforated by a large foramen. In Dinoceras 
mirabile, this is oval in outline, with the apex above. The 
base of the lachrymal is excavated for the posterior opening of 
the large antorbital foramen. 
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“The large canine tusk is entirely enclosed in the maxillary, 
and, in the genus Dinoceras, its root extends upward into the 
base of the maxillary horn-core. In all known Dinocerata, 
there is a diastema between the upper canine and the pre- 
molars. 


Figure 12.—Horizontal section of skull of Tinoceras crassifrons, Marsh. 

Figure 13.—Horizontal section of skull of Dinoceras laticeps, Marsh; (female). 
Both figures are one-eighth natural size. a, cavity behind base 
of canine tooth; b, brain-cavity; c, alveole of canine tooth; f, 
anterior olfactory chamber; /’, posterior olfactory chamber; m’, 
maxillary protuberance; , nasal bones; n’, nasal protuberance; 
p’, parietal protuberance. 


“The premaxillary bones are edentulous, and, even in young 
specimens, contain no teeth. * * * The premaxillaries vary 
much in form in the different genera and species of Dinocerata. 
Two of the principal forms are shown in figures 10 and 11.” 

The palate is very narrow, and much excavated, especially in 
front. The bony palate extends back as far as the last upper 
molar, and, in some specimens, beyond. It is deeply exca- 
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vated on each side in the region of the diastema, and near the 
posterior part of each excavation on either side is situated a 
large foramen, which may be called the palato-maxillary foramen. 

“Tn the type of Déinoceras, the palatine fossa of the poste- 
rior nares is roofed over, so that the passage from the palate 
into the large nasal cavities above leads forward and upward, 
as shown indistinctly in figure 11. In Tinoceras ingens and 
Tinoceras pugnax, the roof of this fossa is excavated in front 
by a pair of oval apertures, and, through these, the posterior 
nares open directly upward, as represented in figure 10. 


14. 
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FIGCRE 14.—Vertical median longitudinal section of skull of Dinoceras mirabile, 
Marsh. One-eighth natural size. 6, brain-cavity; f, frontal 
bone; m, maxillary bone; m’, maxillary protuberance; , nasal 
bone; 2’, nasal protuberance; 0, occipital condyle: p, parietal 
bone; p’, parietal protuberance; pg, post-glenoid process; pl, 
palatine bone; pm, premaxillary bone; pt, pterygoid bone; s, 
supra-occipital crest. 


THe Lower Jaw. 


“The lower jaw in Dinoceras is as remarkable as the skull. 
Its most peculiar feature in the male is a massive decurved pro- 
cess on each ramus, extending downward and outward. These 
long, pendent processes were apparently to protect the upper 
canine tusks, which would otherwise be very liable to be 
broken, * * * * In the female, this process is much reduced 
In size, but is quite sufficient to protect the diminutive tusk 
which overlaps it. 
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Figure 15.—Lower jaw of Dinoceras laticeps, Marsh; front view. 

FiguRE 16.—Lower jaw of Uintatheriwm segne, Marsh; seen from the left. Both 
figures are one-fourth natural size. a, angle; c, canine; cr, coro- 
noid process; cd, condyle; d, diastema; /, anterior foramen; 7, 
process for protection of tusk; pm, premolar. 
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“ Another remarkable feature in the lower jaw of the Dino- 
cerata is the posterior direction of the condyles, hitherto un- 
known in Ungulates. 

“Tn the genus Dinoceras, there are three incisor teeth, and a 
small incisiform canine on each side, forming a continuous 
series at the front extremity of the lower jaw. These are all 
of moderate size, and inclined well forward, as in the ruminant 
mammals. Behind this series, and immediately over the de- 
pendent process, is a long diastema. Further back, there are 
three premolars, and three molars, forming together a close 
series. This is the dentition, essentially, in the lower jaw of 
both Dinoceras and Tinoceras. 

“Tn the genus Zimoceras, the same general characters of the 
lower jaws are seen. In the male, the pendent process is large 
and elongate, but less massive than in the genus Dénoceras, 
and its lower outline less regularly rounded. This corresponds 
with the position of the large upper canine tusk, which it pro- 
tects. 

“Tn the female of Zinoceras, the pendent process is much 
reduced, its size in all cases corresponding to the size of the 
canine tusk above. 

“That the same relation in size between the tusk and pro- 
cess below it, holds equally in both the genera Dinoceras and 
Tinoceras, is conclusively shown by various specimens in the 
Yale Museum. 


Tue TEETH. 


“The teeth of the Dinocerata constitute one of their most 
interesting features. 

“In the genus Dinoceras, the dentition is represented by 
the following formula : 


‘ 0 , 1 3 3 
Incisors canines premolars molars 34, 
“So far as now known, the same formula applies equally well 
to the genus Tinoceras. * 
“In Uintatherium, the dentition is apparently as follows: 
, 0 : 1 3 3 
Incisors canines premolars ? molars 3= 36. 
“In none of the Déinocerata have any upper incisors been 


found, even in the youngest specimens. he premaxillary 
bones appear to be entirely edentulous. 
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17. 


Natural size. a, side view; 


Figure 17.—Incisor of Dinoceras mirabile, Marsh. 
b, top view; c, antero-posterior view. 


18. 


Ray 


FigeureE 18.— Upper canine of Dinoceras laticeps, Marsh; (male). 

FIGURE 19.—Upper canine of Dinoceras laticeps (female). Both figures are 
one-fourth natural size. a, lateral view, showing outer surface; 
b, inner surface; b’ 6’, sections; c, front view. 
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“In the lower jaw of all the known Déinocerata, there are 
three well developed incisors on each side. They are inserted, 
each by a single root, and are procumbent, all directed well 
forward. 

“The superior canines of Dinoceras are long, decurved, 
trenchant tusks. The crown is covered with enamel, and the 
root extends upward into the base of the maxillary protuber- 
ance, or horn-core. When the animal is young, these tusks 
grow from a persistent pulp, but, in old age, the cavity becomes 
nearly closed. In the male, these tusks are large and powerful, 
and extend downward nearly or quite to the extremity of the 
pendent process of the lower jaw. 


/ 


FiGuRE 20.— Upper molar series of Zinoceras stenops, Marsh; seen from below. 
FIGURE 21.—Lower molar series of same specimen; seen from above. Both 
figures are three-fourths natural size. m, molar; pm, premolar. 


“In the female of Déinoceras, the upper canines are small 
and slender, and protrude but little below the jaw.” 

The crowns of the upper premolarand molar teeth in Dino- 
ceras, and, in fact, in all of the known Dinocerata, are remark- 
ably short, with the roots well developed, forming a true 
brachyodont dentition, as in all early Tertiary ungulates. 

“In each ramus of the lower jaw of Dznoceras, there is a 
close series of six teeth, three of which are premolars, and 
three true molars, These are all inserted each by two roots 
This is also true of the genus Tinoceras. 


Am. Jour. Sct.—Turrp Serres, Vou. XXIX, No. 171, Marca, 1885. 
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“The molar teeth in Dinocerata appear to resemble more 
closely the corresponding teeth in the genus Coryphodon than 
those of any other animal. The general dentition, however, is 
quite distinct. Coryphodon has well developed upper incisors, 
and a medium sized upper canine, thus differing widely in 
these features from the Dinocerata. 


Figure 22.—Skull of Zinoceras ingens, Marsh; with brain-cast in position; seen 
from above. 

Figure 23.—Skull of Dinoceras laticeps, female; with brain-cast in position. Both 
figures are one-eighth natural size. /, frontal bone; m, maxillary 
bone; m’, maxillary protuberance; , nasal bone; 2’, nasal pro- 
tuberance; p, parietal bone; p’, parietal protuberance; pm, pre- 
maxillary bone. 


THE BRAIN. 


“The brain of the Dinocerata is one of the most peculiar 
features of the group. It is especially remarkable for its 
diminutive size. It was proportionately smaller than in any 
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other known mammal, recent or fossil, and even less than in 
some reptiles. It was, indeed, the most reptilian brain in any 
known mammal. In Déinoceras mirabile, the entire brain was 
actually so diminutive that it could apparently have been 
drawn through the neural canal of all the pre-sacral vertebra, 
certainly through the cervicals and the lumbars. 


Figurr 24.—Skull of Limnohyus robustus, Marsh. Middle Eocene. 
Figure 25.—Skull of Amynodon advenus, Marsh. Upper Eocene. 


“The size of the entire brain, as compared with that of the 
cranium, is shown in the accompanying cuts, figures 7, 8, and 
23. The size of the brain cavity, and its position in the 
skull in the genus Zinoceras, also, is represented in figure 22. 

“The most striking feature in the brain cavity itself is the 
relatively small size of the cerebral fossa, this being but little 
larger than the cerebellar portion. 

“The cerebral hemispheres did not extend at all over the 
cerebellum or the olfactory lobes. The latter were large, and 
continued well forward. 
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“The nerves passing off from the brain were large, and can 
be made out with reasonable certainty. The olfactory lobes 
were separated in front by an osseous septum, the position of 
which is shown distinctly in figure 22. 

“In the genus Zinoceras, the brain was similar in its general 
characters to that of Dinoceras, but appears to have been some- 
what more highly developed. The hemispheres were more 
elongate, and the olfactory lobes relatively smaller. 


FiGurRE 26.—Skull of Mastodon Americanus, Cuvier. Pliocene. 


Brain GROWTH. 

“The Dinocerata are, by far, the largest of all known Eocene 
animals, and that they have, also, a very diminutive brain is a 
noteworthy fact, which attracted the author’s attention soon 
after their discovery. 

“The comparison of the brain in this group with that of other 
mammals from the same formation soon showed that the Dino- 
cerata although most remarkable in this respect, were not 
alone in diminutive capacity of brain power. A more ex- 
tended comparison led to the fact that all the early Tertiary 
mammals had very small brains. 
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“The results of this investigation were embodied by the 
author in a general law of brain-growth in the extinct mam- 
mals throughout Tertiary time. is law, briefly stated, was 
as follows: 


FiguRE 27.—Skull of Elotherium crassum, Marsh. Miocene. 
Figure 28.-~-Skull of Platygonus compressus, LeConte. Pliocene. 


1. All Tertiary mammals had small brains. 

2. There was a gradual increase in the size of the brain dur- 
ing this period. 

3. This increase was confined mainly to the cerebral hemi- 
spheres, or higher portion of the brain. 

4. In some groups, the convolutions of the brain have grad- 
ually become more complex. 

5. In some, the cerebellum and the olfactory lobes have 
even diminished in size. 

6. There is some evidence that the same general law of brain 
growth holds good for Birds and Reptiles from the Cretaceous 
to the present time.* 


* This Journal, vol. viii, p. 66, July, 1874; and vol. xii, p. 61, July, 1876; also 
Odontornithes, p. 10, 1880. 
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“The author has since continued this line of investigation, 
and has ascertained that the same general law of brain growth 
is true for Birds and Reptiles, from the Jurassic to the present 
time.” 

The small size of the brain in early Tertiary mammals will 
be indicated by an examination of the Dinocerata skulls, with 
the brain in position, shown in figures 22, 23. This is further 
shown by figures 24-28, which represent the skull and brain- 
cast of various Tertiary Mammals. 


Figure 29,—Axis of Dinoceras mirabiie, Marsh; front view. 

Figure 30.—The same vertebra; side view. 

FigurRE 31.—Cervical vertebra of Tinoceras grande. Marsh; front view. 

FIGURE 32.—The same vertebra; side view. ll the figures are one-fourth natural 
size. a, face for atlas; f lateral foramen; nc, neural canal; 
o, odontoid process; s, neural spine; 2, anterior zygapophysis; 
z’, posterior zygapophysis. 


THE VERTEBR. 


“The cervical vertebre of the Dinocerata, in their main 
characters, resemble those of the Proboscidians. The atlas 
and axis are somewhat similar to those of the elephant. The 
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rest of the cervicals are proportionally longer. The entire 
neck was about one-third longer than in the elephant, thus ren- 
dering a proboscis unnecessary, as the head could readily reach 
the ground. 

“All the presacral vertebrae, behind the atlas and axis, have 
the articular faces of the centra nearly flat, as in the typical 
Proboscidians. 

“The trunk vertebre in the Dinocerata are proportionally 
longer than those in the cervical region. The articular faces 
of the centra are likewise nearly flat, the most of them being 
distinctly concave. 


re 
FIGURE 33.—Second dorsal vertebra of Dinoceras mirabile, Marsh; front view. 
FiguRE 34.—The same vertebra; side view. m, neural canal; s, neural spine; 
2’, posterior zygapohysis. 


Tse Fore Liss. 


“The limb bones in the Dinocerata are nearly or quite solid, 
and this is true of all the skeleton, a portion of the skull alone 
excepted. 

“The fore limbs in the Déinocerata have a general resem- 
blance to those of Proboscidians. 

“The fore foot in all the Dinocerata is larger than the hind 
foot. The bones composing it are comparatively short and 
massive. There were five well-developed digits, as in Probos- 
cidians, but the carpal bones were interlocked with the meta- 
carpals, as in Perissodactyls. The general appearance of the 
fore foot in Dinoceras mirabile is well shown in figure 35. 
The hind foot is represented in figure 36. The feet were plan- 
tigrade, as in the elephant. 
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“There are eight separate carpal bones in the fore foot of all 
the Dinocerata, and a ninth, the central bone, may be separate 
in very young animals, and, in adults. either lost or consolidated 
with the scaphoid, or the trapezoid. * * * * The metacarpal 
bones in the Dinocerata are short and robust. * * * * The 
phalanges in the fore foot of the Dinocerata are very short, 
and comparatively small. 


“Sternal bones are preserved in a number of individuals of 
the Dinocerata in the Yale Museum, but the entire series in 
any one individual has not been recovered. * * * * The most 
marked character of these bones in the Dinocerata is that they 
are flat and horizontal, as in the Artiodactyls, and not vertical, 
as in the Proboscidians, and the Perissodactyls.” 

The pelvis in the Dinocerata has a general resemblance to 
that of the elephant. The ilia were widely expanded, as in 
that animal. There are four sacral vertebre. 


Figure 35.—Left fore foot of Dinoceras mirabile, Marsh. 
Fiaure 36.—Left hind foot of the same. Both figures are one-fifth natural size. 


Tue Hinp Limes. 


“The hind limbs of the Dinocerata have a general resem-’ 
blance to those of Proboscidians, but the bones composing them 
are comparatively shorter, and more robust. When the animal 
was standing at rest, the posterior limb formed a strong and 
nearly vertical column. 

“The hind feet in the Dinocerata were considerably smaller 
than those in front. * * * * There were five digits, as in the 
Proboscidians, and the axis of the foot was through the third, 
or middle, digit. 
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“There are seven well developed tarsal bones in the Dinoce- 
rata, and their relative position in the hind foot is seen in 
figure 36. * * * * An eighth tarsal bone, the tibiale, appears 
to have been present. 

“The astragalus in the Dinocerata considerably resembles 
that of the elephant, the bone being, as in that animal, very 
short, along the axis of the leg and foot. 

“The caleaneum is short, and comparatively more robust than 
in the elephant. As in that animal, it is strongly tuberculated 
below, where, during life, it doubtless supported a thick pad, 
resting on the ground.” 


RESTORATIONS. 


From Chapter XIII, on the restorations of Déinoceras and 
Tinoceras, the following extracts are selected : 

“Tn the restoration of Dinoceras mirabile on Plate LV, the 
remains of the type specimen of the species, a fully adult, but 
not old individual, have been used for the more important 
ee. and the remaining portions taken from other individuals. 

his restoration is one-eighth natural size. 

“ The animal is represented as walking, and the position of the 
head, and the feet, has been chosen to show, to the best ad- 
vantage, these portions of the skeleton as they were in life. In 
this restoration, only those portions are shaded which are repre- 
sented by actual specimens in the Yale Museum. The parts in 
outline are wanting, or are so poorly preserved that only their 
main features can be given with accuracy. 

“In the restoration of Zinoceras ingens, Plate LVI, the 
animal is represented one-sixth natural size, and standing at 
rest. The position here chosen shows the massive and ma- 
jestic form of one of the largest individuals of this remarkable 
group.” A reduced copy of this restoration is given in figure 37. 

“Tn comparing Dinoceras, as here restored, with some of the 
largest ungulate mammals of the present day, a certain resem- 
blance to the rhinoceros on the one hand, and to the elephant on 
the other, will naturally suggest itself. In size and proportions, 
Dinoceras was intermediate between these two existing animals, 
and, in various points of its structure, it resembled the one quite 
as much as the other. In still other features, Dinoceras re- 
sembled the hippopotamus. 

“Tn its stature and movements, Dinoceras probably resembled 
the elephant as much as any other existing form. Its remarka- 
ble skull, longer neck, and more bent fore limbs, gave it, how- 
ever, a very different appearance from any known Proboscidian. 
The high protuberances, or horn-cores, on the head, the long, 
trenchant, canine tusks, and the peculiar lower jaw modified for 
thei~ protection, are features seen together only in this group. 
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“The neck was long enough to permit the head to reach the 
ground, and hence a proboscis was quite unnecessary. The 
horizontal narial opening, the long overhanging nasal bones, and 
the well developed turbinal bones, are likewise proof positive 
against the presence of such an organ. There is some evidence 
of a thick flexible lip, resembling, perhaps, that of the existing 
rhinoceros. 

“The remarkably small brain, and the heavy massive limbs, 
indicate a dull, slow-moving animal, little fitted to withstand 
marked changes in its environment, and hence it did not sur- 
vive the alterations of climate with which the Eocene period 
closed. 

“Both the animals chosen for these two restorations were 
evidently males, as shown by the lofty protuberances, or horn- 
cores, on the skull, and the powerful canine tusks. In the 
females, these parts are but feebly developed, as shown in the 
specimens described in the preceding chapters. The individ- 
uals here restored were certainly thrice-armed, and well fitted 
to protect themselves, and their weaker associates, from any of 
their Eocene enemies. 

“The exact form and nature of the offensive weapons which 
surmounted the head of the Dinocerata cannot, at present, be 
determined with certainty. That the paired osseous elevations 
seen on the skull in all the known species of this group did not 
support the kind of horns seen in the typical Ruminants is 
evident from their external surface, which lacks the vascular 
grooves so distinct on the horn-cores of those animals. 

“Possibly, the Dinocerata may have been armed with horns 
similar to those seen in the American antelope (Antilocapra), 
since, in this animal, the horn-cores are even smoother than in the 
order here described. More probably, however, the bony pro- 
tuberances on the skull were covered with bosses of thick skin, 
hard enough to be effective in combat. Evidence of such 
contests has apparently been recorded in the injuries to the 
horn-cores of some individuals, received during life. None of 
the covering of these elevations, or horn-cores, has, of course, 
been preserved ; yet a fortunate discovery may, perhaps, reveal 
their nature by the form of a natural cast, as the eye-ball of 
the Oreodon is sometimes thus clearly indicated in the fine 
Miocene matrix which occasionally envelops these animals. 

“The short robust feet of the Dinocerata were doubtless 
covered below with a thick pad, as in the elephant, since the 
whole under side of the foot clearly indicates such a protection. 
No portion of this covering has been preserved in any of the 
known specimens, and no foot-prints indicating its form, have 
been discovered, in the Eocene deposits in which the Dinoc- 
erata were entombed.” 
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The size of Tinoceras ingens, as he stood in the flesh, was 
about twelve feet in length, or sixteen measured from the 
nose to the end of the tail. The height to the top of the back 
was about six and one-half feet, and the width across the hips 
about five feet. The weight, judging from that of existing 
mammals, was about six thousand pounds. 

“Dinoceras mirabile was about one-fifth smaller. The neck 
was longer, but, in other respects, the proportions were nearly 
the same.” 


WD 


FiguRE 37.—Restoration of Tinoceras ingens, Marsh. One-thirtieth natural size. 


The concluding chapter, XIV, contains a full discussion 
of the genealogy of ungulate mammals in general, and the 
relations of the Dinocerata to other groups. We quote as 
follows: 

“Our present knowledge of the Mammalia, living and extinct, 
clearly indicates that they must go back at least to the Permian. 
The generalized mammal of that period, or of still earlier time, 
was probably quite small, and, in many respects, like an Insecti- 
vor. This primitive type would naturally possess all the 
general characters found in later forms in the various orders 
of mammals. 

“ This generalized mammal would belong to the group named 
Hypotheria by Huxley, who has laid a sure foundation for in- 
vestigation in this line of research. 
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GENEALOGY OF UNGULATES. 


“From this primitive type of mammal, a special line appar- 
ently led off through the Triassic and Jurassic to the Cretaceous, 
where it formed a well-marked group, which may be called 
the Protungulata, the probable ancestors of all succeeding 
ungulate mammals. 

“From this generalized ungulate, the skeleton of which we 
now know almost as well, apparently, as if we had it before us, a 
direct line would appear to have continued up to the present 
day, and be represented by the living Hyrax. Several diverg- 
ent lines passed off probably from the same stem, and three of 
these have continued to the present time, the survivors being 
the Proboscidia, the Artiodactyla, and the Perissodactyla. 
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FiguRE 38.—Diagram to illustrate the genealogy of Ungulate Mammals. 


“Another order, also, which may be termed the Amblydac- 
tyla, passed off apparently from the main ungulate stem in the 
Cretaceous, and became extinct in the Eocene. One branch ter- 
minated in Coryphodon, in the lower Eocene, and the other, 
represented by the Dinocerata here described, came to an end 
in the middle Eocene. 
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In figure 38, above, a diagram is given, which shows a. 
cally these lines of descent, and the most probable genealogy of 
wars, Fon ungulates. The diagram, being on a plane, can only 
indicate the general position of these divergent lines. 

“From this group came off, evidently in the late Cretaceous, 
first the Coryphodontia, having nearly all the above characters, 
and becoming extinct in the early Eocene. 

“ The Dinocerata probably branched off about the same time, 
and survived to the middle Eocene, thus becoming much more 
specialized before their extinction. 

“Accepting this general view of the origin of the Ungulates, 
living and extinct, their classification has been outlined in the 
diagram on page 200. 

“The attempts hitherto made to give a detailed classification 
of all the Mammalia, living and extinct, have signally failed, 
mainly because only a small part of even the extinct forms now 
known were included, and almost every new discovery tended 
to break down the definitions so systematically recorded. The 
time for such an exhaustive classification has not yet arrived, 
and all that can be safely ventured upon in the present state of 
knowledge is to indicate the main groups and their affinities, 
and await future discoveries. 

“Excluding the aberrant, aquatic, Sirenians, now regarded as 
of ungulate ancestry, and leaving out also Zoxvodon and other 
little known extinct forms, the ungulate mammals may then be 
arranged in natural groups, as follows : 


CLASS MAMMALIA. 
Sub-Class MONODELPHIA. 
Super-Order UNGULATA. 
(1.) Order Hyracoidea. 
(2.) Order Proboscidea. 


(3.) Order Amblydactyla 


Mesaxonia (Perissodactyla). 
(4.) Order Clinodactyla Paraxonia (Artiodactyla). 


“The characters found in oy and, to a great 
t 


extent, in the extinct forms from the Tertiary to the present 
time, are clearly of two kinds; general characters, derived 
from ancestral forms, and special characters, acquired in adapta- 
tion to their environment. Some of the latter may be negative 
characters, acquired by the disuse, or loss, of parts once advan- 
tageous. 

“The first series of characters are of most importance, as 
7 indicate a genetic connection, perhaps remote, with the 
different groups that share them. Special characters, on the 
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other hand, however closely they may correspond in different 
groups, do not necessarily indicate affinities, but may have been 
acquired by adaptation to peculiar surroundings, in groups quite 
distinct from each other. 

“These facts lie at the foundation of classification, and it is 
only by keeping the two series of characters separate, that the 
true relationship between different groups of animals can be 
made out, and their genealogy indicated with any probability. 

* * * * * 


MopIFicaTION oF THE UneuLaTEe Foor. 


“In the true ungulate mammals, the modifications of the foot 
have undoubtedly taken place very nearly in the following 
manner : 

(1.) The primitive Ungulates (Protungulata) must have had 

lantigrade, pentadactyl, feet, with the carpals and tarsals not 
interlocking either with the metapodial bones, or with their 
own ga series. This would give a weak foot, adapted 
especially to progression in soft, swampy ground. 

(2.) For locomotion on dry hard ground, a stronger foot was 
required, and a modification soon took place, in the interlock- 
ing of the metapodials with the second row of carpals or tar- 
sals that supported them. Examples of nearly this stage are 
seen in the fore feet of Coryphodon, and of Dinoceras as shown 
in figure 36. 

(3.) A still stronger foot was produced by the further inter- 
locking of both the first and second row of carpals and tarsals, 
as se as the latter row with the metapodials below. This 
general type of foot belongs to the //olodactyla, and is seen 
also in some of the early Perissodactyls. 

During these two stages of modification, a reduction in the 
number of digits also took place, evidently as a result of the 
same causes. The first digit, being the shortest of the series, 
soon left the ground, as progression on dry land with the plan- 
tigrade five-toed foot began, and was gradually lost. 

The four remaining digits, having to do the work of five, 
were strengthened by the interlocking already mentioned, and 
also by coming nearer together. 

(4.) In the next change that took place, two kinds of reduc- 
tion began. One leading to the existing perissodactyl foot, and 
the other, apparently later, resulting in the artiodactyl type. 
In the former, the axis of the foot remained in the middle of 
the third digit, as in the pentadactyl foot. In the latter, it 
shifted to the outer side of this digit, or between the third and 
fourth toes. An example of the former is seen in the fore foot 
of Brontotherium, while Oreodon shows the latter type. 
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The position of the axis is the distinctive feature between 
these two types of feet, and not the number of toes, as the 
names usually applied to them indicate. In this respect, the 
terms Artiodactyl and Perissodactyl are misleading, and hence 
the names Paraxonia and Mesaxonia were proposed by the 
author, as substitutes, to express the true axial relation. 

(5.) In the further reduction of the perissodactyl foot, the 
fifth digit, being shorter than the remaining three, next left 
the ground, and gradually disappeared. Of the three remain- 
ing toes, the middle, or axial, one was the longest, and retainin 
its supremacy, as greater strength and speed were required, 
finally assumed the chief support of the foot, and the outer 
digits left the ground, ceased to be of use, and were lost, 
except as splint bones. The foot of the existing horse shows 
the best example of this reduction in the Perissodactyls, as it 
is the most specialized known in the Ungulates. 

(6.) In the Artiodactyl foot, the reduction resulted in the 
gradual diminution of the two outer of the four remaining toes, 
the third and fourth doing all the work, and thus increasing 
in size and power. The fifth digit, for the same reasons as in 
the perissodactyl foot, first left the ground, and became smaller. 
Next, the second soon foilowed, and these two gradually ceased 
to be functional, or were lost entirely, as in some of the Artio- 
dactyls of to-day. The foot of the goat shows this extreme 


reduction. 
* * * * * 


Extinction oF Larce MammMaALs. 


“During the Mesozoic period, all the mammals appear to have 
been small, and it is not probable that any of large size existed, 
as reptilian life then reigned supreme. With the dawn of the 
Tertiary, a new era began, and mammalian life first found the 
conditions for its full and rapid development. 

“In the lower Eocene, the largest land mammal was Cory- 
phodon, more than the equal, in size and power, of any of the 
reptiles of that time. inoceras and its allies, in the middle 
Eocene, were much larger, and were clearly the monarchs of 
the region in which they lived. In the upper Eocene, Dipla- 
codon, about the size of the rhinoceros, was the largest mam- 
mal, but each of these three died out in the period in which it 
flourished. 

“At the base of the Miocene, the huge Brontotherida, nearly 
as large as the elephant, suddenly appear in great numbers. 
They remained for a short time the dominant land animals, 
and then became extinct. 

“The Proboscidians were the giants of the Pliocene, and 
hold the supremacy in size to-day, but are evidently a declining 
race, 
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“The cause of the successive disappearance of each group of 
these large Tertiary mamimals is not difficult to find. The 
small brain, highly specialized characters, and huge bulk, ren- 
dered them incapable of adapting themselves to new condi- 
tions, and a change of surroundings brought extinction. The 
existing Proboscidians must soon disappear, for similar reasons. 
Smaller mammals, with larger brains, and more plastic strue- 
ture, readily adapt themselves to their environment, and sur- 
vive, or even send off new and vigorous lines. 

“The Dinocerata, with their very diminutive brain, fixed 
characters, and massive frames, flourished as long as the condi- 
tions were especially favorable, but, with the first geological 


change, they perished, and left no descendants. 


CLASSIFICATION. 


“The Dinocerata now known may be placed in three genera: 
Dinoceras, Tinoceras, and Uintatherium. These may be sepa- 
rated by characters of the skull, vertebree, and feet. There 
are also indications of several intermediate forms, which may, 
perhaps, he found to represent sub-genera, when additional 
specimens in good preservation are secured for comparison. 

wenty-nine species may be distinguished, mainly by the skull 
alone, which, at present, offers the best distinctive characters, 


Sub-order DINOCERATA, Marsh. 
Family Tinoceratip#, Marsh. 
Uintatherium, Leidy. Dinoceras, Marsh. | Tinoceras, Marsh. 


Teeth, thirty-six. | Teeth, thirty-four. | Teeth, thirty-four. 

Lower four. | Lowerpremolars,three. Lower premolars,three. 

Base of canine tusk, | Base of canine tusk, | Base of canine tusk, 
nearly vertical. | vertical. horizontal. 

Parietal protuberance, Parietal protuberance, | Parietal protuberance. 
above post-glenoid | above post-glenoid behind post-glenoid 
process. | process. | process. 

Cervical vertebre, of | Cervical vertebra, less | Cervical vertebre, 
moderate length. | elongate. | short. 

Lunar, articulating | Lunar, articulating | Lunar, not articulating 
with trapezoid ? | with trapezoid. ' with trapezoid. 


“ These three genera clearly represent three stages of develop- 
ment of the Dinocerata, and these stages correspond to the 
successive horizons of the middle Eocene in which the remains 
of these animals were entombed. Uvntatheriwm, the most 
generalized type, is found at the lowest level; Dinoceras is 
from a somewhat higher stratum; and Zinoceras, the most 
specialized of all, occurs in the latest deposits.” 

In the Synopsis which follows this chapter, a systematic list 
of all the species of the Dinocerata is given in detail, and the 
volume closes with a Bibliography of the important literature. 

L. P. B. 
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Art. XXVII.—On Taconic Rocks and Stratigraphy, with a Geo- 
logical map of the Taconic region (Plate Il); by Jamzs D. 
Dana. 


In my papers of 1873 and 1877,* on the Limestone, Schists 
and Quartzyte of the Taconic region, I present evidence ‘33 
from the facts illustrated by various stratigraphical sections, (2) 
from the continuity and common features of the conformable 
series of these rocks from north to south, and (3) from fossils 
existing (as made known by others) in some of the beds, that 
these rocks are (A) of one system ; and (B) of Lower Silurian 
age; and (C) have the Taconic schists as the upper member of 
the series. 

In my work I made no attempt to map the region, since the 
point in view was stratigraphical, with special reference to the 
“lithological canon,” and its illustration did not seem to 
demand it. The evidence presented has been questioned on 
the ground (1) that the continuity of the system is not clearly 
established, and (2) that the relation of the quartzyte to the 
other rocks is not fully worked out. In order to remove as far 
as may be, the uncertainties on these points, I began over three 
years since, a new study of the region, with reference to its 
stratigraphy and geological structure, and the details required 
for the construction of a geological map. Two papers in the 
last volume of this Journal contain results derived from this 
recent investigation. In the paper here begun I present the 
facts gathered bearing on the constitution and stratigraphical 
relations of the rocks, and on their distribution and geograph- 
ical relations, and illustrate the subjects by means of the pre- 
pared map as well as by diagrams. 

The region is that of the Taconic rocks as first laid down by 
Professor Ebenezer Emmons—these rocks including according 
to his original enunciation of his system: (1) The Taconic 
schists of the Taconic range and of the subordinate ridges 
within the adjoining limestone area; (2) the limestone forme- 
tions on the east and west sides of the Taconic Range; and 
(8) the quartzyte adjoining or within the limestone area. 

The investigations have extended over Berkshire county 
in Massachusetts, Salisbury and Canaan in Connecticut, and 
less completely over Pownal and Bennington, Vermont, and 
the adjoining eastern border of the State of New York. This 
is not the whole of the true Taconic region, as it continues 
northward to central Vermont; but it comprises the portion 
that was the special subject of Professor Emmons's earlier 
investigations. 

* This Journal, III, v, vi, 1873, and xiii, xiv, 1877. 

Am. Jour. Sci.—Tuirp Series, Vou. XXIX, No. 171.—Marcu, 1885, 
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In this first part of my paper I treat of the southern portion 
of the above-mentioned area, comprising the towns of Salisbury 
and Canaan in Connecticut and of Mt. Washington, Sheffield 
and New Marlborough in Massachusetts, with the adjoining 
eastern border of New York. The second part will cover the 
middle and northern portions of the region. In a third pari, I 
propose to discuss the relations to one another of some adjoin- 
ing rocks that are inferior in position to or older than the lime- 
stone. 

a. The map and diagrams. 

The scale of the map is half an inch to the mile; and that 
of the plottings from which it has been reduced one and a half 
to two inches to the mile.* The limestone areas are the colored 
portions. The rocks of the uncolored areas are indicated in 
many parts by initials, as follows: 


M, ordinary mica schist, cHM, chloritic hydromica schist. 
eM, chloritic mica schist. Q, quartzyte. 

qM, quartzytic mica schist. mQ, micaceous quartzyte. 

stM, staurolitic mica schist. Gn, gneiss, 


HM, hydromica schist. 

The rocks mQ and qM are intermediate between quartzyte 
and mica schist. 

The strike and dip are indicated on the map by the T-shaped 
symbols, according to the method explained in volume xx of 
this Journal (p. 360, 1880) ; and the values of the angles are 
stated in annexed figures. (The most of these values conse- 
quently are not given in the text, one place of publication 
being sufficient.) By the method adopted, where the dip is 
45° the stem of the T is made half the length of the top; for 
larger angles, the stem about equals the sine of the dip, half the 
top being taken as radius; for smaller angles the stem is made 
longer ; and for horizontality, a circle is used. The locality of 
the observation is indicated by the point of junction of the 
top and stem of the T. 

The positions of the ore-pits and quarries or workings are 
indicated on the map by a small circle with a letter enclosed 
to indicate the kind of workings: F signifying iron-ore, which 
ore in the region is limonite (in miners’ language brown hema- 
tite); M, manganese-ore; K, kaolin or porcelain clay; Q, 
quartzyte, the rock quarried in the region for the hearthstones 
of furnaces.+ 

*The completion of unfinished work in the New York part, has led to some 
changes since the map in the last volume of this Journal (Plate III) was printed. 

+ The heights stated on the map are in feet; and those along the railroads are 
heights of the railway at the stations. I am indebted for nearly all of them to 
the levelings of Mr. W. E. Pettee, Civil Engineer and Surveyor, Lakeville, Con- 
necticut. Mr. F. V. Fyler, of Winsted, gave me (in 1877) for the height of Bald 
Peak, 1996 feet, as his own determination, and of Bear Mountain by estimate, 
2250 feet. The height of Mount Everett, the highest summit of Mt. Washington, 
is from the Massachusetts snrvey. 
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A few localities of glacial markings are recorded by means 
of a symbol consisting of three parallel lines, with a dot on the 
middle one marking the locality, and figures at the southern 
end indicating the angle with the meridian. 

The roads are given because they were often used as a base 
in fixing the limits of rocks and the positions of localities; and 
also because it was desirable to mark the localities of the strat- 
igraphical sections inserted in the text so plainly that any 
questioning geologist could go and see for himself and not 
remain—longer than he wishes—in a fruitless state of doubt. 

In the diagrams the symbols for the kinds of rocks are those 
explained on page 7 of this volume. In the case of the 
sections, wherever the limestone and schist in superposition 
were not observed in actual contact, a space is left to indicate it, 
and the length of the interval is usually given in feet; and 
when these sections were derived from surface outcrops, and 
not from transverse cuts, this is shown by a vacant space in 
the lower outer angle of the diagram. 

The evidence of corformability between the schist of a ridge 
and the limestone adjoining it is perfect evidence only in case 
of actual contact between the rocks; it is generally good 
when there are several outcrops of the two rocks within 50 
yards of one another; but beyond this distance, it is uncertain, 
because the dip in the limestone often becomes reversed within 
800 yards and sometimes, a much shorter interval, through an 
anticlinal. In each diagram the east or north end of a section is 
that to the right hand. 

In the study of Berkshire County I have been much bene- 
fited by the geological map of Massachusetts, by Professor 
Edward Hitchcock, which gives a good general view of the 
distribution of the limestone and its associated rocks. Perci- 
val’s map in his Connecticut geological report (1842) has also 
been of service, and the map of the Vermont geological report 
(1861) for the Vermont portion. But in all parts of the map 
herewith published the lines and locations are given from my 
own personal observations.* 

In all geological maps, and especially in one of eastern 
North America, the lines are in some parts unavoidably con- 

* A geological map of the Taconic region accompanied my paper printed in the 
Journal of the Geological Society of London for 1882. In preparing it, the Berk- 
shire and Vermont portions of the map were copied, with very little change, 
from the maps of the Massachusetts and Vermont geological reports. The map 
with the limestone area colored, was sent with my paper to the Geological 
Society, in February, 1882, in order to make the paper intelligible, and not for 
publication. I soon learned, however, that the Society thought best to publish 
it. The fact that I was thus to be the author of a geological map which did not 
contain corrections from my own observations—then too incomplete for satisfac- 
tory use—was a strong motive prompting me to a more detailed survey of the 
Taconic region. 
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jectural, because the surface is to so large an extent earth- 
covered, or have the rocks displaced by growing forest trees. 
Good outcrops of the schist and limestone are numerous; yet 
they largely fail along the limits between the formations, where 
of most interest, because these limits are generally near the 
base of the ridges, and there the limestone has usually been 
worn away and concealed by the action of descending waters ; 
and not unfrequently has become the bottom of a marsh. 

Outcrops along the limits between the quartzyte and limestone 
are still more rare, because very much of the quartzyte is 
a fragile crumbling rock and covers its slopes deeply with 
sandy earth. Some quartzyte ridges present no external evi- 
dence of their constitution except a scattering of large quartzyte 
bowlders over their earthy slopes which have come from the 
harder portions of the decayed beds. Further, the hard 
quartzyte has usually joints and uncertain planes of bedding. 

The drift, moreover, is a great concealer of rocks, along the 
valleys of the region, and also very widely over the western 
slopes of the higher north-and-south ridges. 


b. General geological characteristics of the Taconic region. 


By way of introduction, I here briefly state the general 
geological characteristics of the region as deduced from my 
present knowledge of the facts. 

a. The most striking geological feature is the wide and 
complicated distribution of the crystalline (or metamorphic) 
limestone formation in north-and-south lines. The most 
marked topographical feature is the existence of broad north- 
ward trending plains or valleys and narrower parallel valleys 
separated and bordered by high ridges, which owe their loca- 
tion to the distribution of the limestone, and to the fact that 
degradation has gone on over this soft, yielding rock to a depth 
exceeding by 500 to 1,500 feet that over the other rocks. 

The rocks of the intervening ridges are various. 

b. Along the Eastern border of the limestone region there are 
coarse mica schists, gneisses, and, in many places, quartzyte, 
mostly older than the limestone, and in part of Potsdam age. 
Part, at least, of the gneisses are Archean: as in the higher 
parts of Cornwall, Kent and Sharon, Conn., where I have found 
chondroditic limestone and other proofs of Archean age; at 
the Hinsdale railroad station in Massachusetts, where I discov- 
ered the same evidence of the Archzan; north of and in the 
cut south of the Washington railroad station, to the south of 
Hinsdale, where the rock is a zircon-bearing syenyte and syen- 
yte-gneiss; north of central Clarksburg, where occurs a ridge of 
very coarse zircon-bearing granite (the “Stamford granite” 
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of the Vermont Report); and probably over a central part of 
the region between the limestone of South Lee and that of 
Monterey, along the southern side of which I found a loose 
mass of chondroditic rock like that of Dalton. With regard to 
the age of the rest of the gneiss of the eastern borders, I have 
not yet the facts needed for a positive conclusion. 

c. Between the Eastern border and the Taconic range the rocks 
of the ridges include, to the eastward, chiefly mica schist and 
quartzyte; to the westward, hydromica schist, changing to the 
south to mica schist, without quartzyte. 

d. The Taconic range consists to the north of hydromica 
schist and to the south of mica schist. 

e. West of the Taconic range, the rocks are hydromica schist 
and argillyte (or phyllyte). 

J. All the rocks are metamorphic. 

g. In no case is the underlying rock uncrystalline or, less 
metamorphic than the overlying; on the contrary, the two 
closely correspond in grade of metamorphism. 

h. The rocks owe their positions to a system of flexures, 
and the folds or flexures are to a large extent over-thrust folds. 
The thrust was westward ;—which is proof that the pressure 
producing the flexures was from the eastward. This westward 
thrust has in no case carried the gneiss of the eastern border 
over the limestone or over the associated schist ridges, except 
perhaps in two cases, one in the fareast Tyringham valley, 
Mass., and the region of Monterey just west, and the other in 
South Canaan. I have not observed any gneiss of the kind, 
or any other true gneiss within the limestone limits north 
of southern Canaan and Salisbury. 

t. The quartzyte of the Hastern border is probably of Potsdam 
age. In 1872 I pointed out that the quartzyte formation of 
Poughquag, in southeastern Dutchess County, lay between the 
limestone and adjoining Archzan; and later, that this was 
true of the same south of Fishkill; east of Dover and Sharon, 
at the west foot of the Kent-Cornwail Archean range; south 
and north of Kent, at the east foot of this range; and I in- 
ferred from the position, and apparent conformability in some 
cases, that its age was Potsdam, or that of the lowest beds of 
the Lower Silurian of the region. Similar evidence exists 
farther north, as will be shown in the course of this paper. 

j. The quartzyte west of the eastern border, between it and 
the Taconic range, overlies the limestone conformably and is an 
independent formation, newer than the limestone. 

On this point I here add a historical note. 

In my earliest paper on Berkshire geology, that of 1873, I 
did not question the direct stratigraphical evidence from the 
sections, and announced the above as my conclusion. In my 
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paper of 1877, following that on Wing’s discoveries, I left the 
question of age undecided, under the idea, urged by Wing and 
others, that the stratification might have been reversed b 
overthrust folds. Again, in my paper of 1879, the doubt is 
admitted ; and in that of February, 1882, presented to the 
Geological Society, in which the subject is briefly reviewed, I 
go still further toward the opinion that the quartzyte is 
“mainly if not wholly, Primordial.” In this state of mind, I 
commenced in the summer of 1882 the new investigations, 
determined to remove, if possible, the doubt on the question 
as to reversals by overturn flexures; and the final conclv- 
sion is essentially identical with that of 1873. 

The conclusions arrived at make the headings of the subdi- 
visions in this and the following part of my paper, and are as 
follows: 

I. The limestone formation is overlaid conformably by the 
schists of the Taconic range and of other ridges of the region 
east and west of the range. 

II. The limestone east of the Taconic range is overlaid con- 
formably by strata of quartzyte and quartzytic and ordinary 
mica schist. 

III. The limestone is a single continuous formation; the 
same is true of the overlying schists and quartzyte. 

IV. The limestone is underlaid, near or along part of its 
eastern border, by strata of quartzyte and associated mica schist. 

V. Within the Taconic region, crystalline texture and min- 
eral constitution are geographically gradational ; that is, vary 
gradually from north to south and similarly from west to east. 

The topics are to a considerable extent the same as in my 
former papers. But they are illustrated by new facts, with 
the aid of the new map and many new stratigraphical sections, 
and lead to some new results. ' 


Part I—Tue SovutHerRn Portion oF THE REGION. 


I. The Limestone formation underlies the Schists of the Taconic 
Range and of other associated ridges. 


On the map, accompanying this paper, the reader has before 
him the facts as to the distribution of the limestone (the colored 
portion) ; the outlines of the included schist ridges or areas 
(uncolored); the form or outline of the whole of Mt. Wash- 
ington, or the Taconic range; and, through the T-shaped sym- 
bols, the angles of dip and strike of the .rocks along the sides 
of the broad Mt. Washington synclinal, and in many other 

arts. 
: The map exhibits the fact that the ridges of schist which 
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stand isolated within the limestone area,—as isolated as islands 
in a sea—and which cluster divergently about Mt. Washington, 
and especially its southern declining portion, are continued 
from Salisbury, eastward, over Canaan; that eleven of them a 
fifth of a mile to five miles in length, exist in the town of 
Salisbury, and eight, of smaller sizes, in the part of Sheffield 
directly north; that similar ridges occur also to the west of 
Mt. Washington ; that one of these western ridges, Winchell’s 
Mountain, is a dividing range between two branches of the 
limestone formation—one, the branch (see map, plate xiii, in 
volume xx of this Journal, 1880) that goes to the Hudson 
south of Poughkeepsie and is in part fossiliferous; the other 
that which extends by Millerton, and then, after an interrup- 
tion, bends westward, north of the Putnam County Archean, to 
Fishkill on the Hudson. 

The elevated region of Mt. Washington has already been 
- shown to be a synclinal of schist with underlying limestone. 
Beyond I present further details relating to this mountain ; and 
also evidence that the same structure is the common one 
among the subordinate ridges east and west of the Taconic 
range. In giving this evidence I commence with the town of 
Salisbury. 

a. Northeast of the railroad station of Limerock, a high 
bluff, consisting chiefly of limestone, faces the river. This 
bluff is the southeast front of what is called Gallows Hill, 
which rises from the limestone plain east and south of it toa 
height by estimate of about 500 feet. 

Gallows Hill, as the map shows, is the common head of two 
ridges of schist, one of which stretches from it northwestward, 
the other southwestward.* Each consists, like other Salis- 
bury ridges, and Mt. Washington in part, of a coarse mica 
schist, much of which is garnetiferous and staurolitic. Being 
thus alike in rocks, and hence one in origin, we should natu- 
rally look for evidences of wrenching and displacements in 
Gallows Hill, their common head. 

Such evidences exist in isolated interior patches and bluffs 
of limestone, and in other features. Although but a square 
mile in area, four limestone patches mark the courses of as 
many faults; one at each 2 and 2’, and two transverse in direc- 
tion at 3. Besides these, other faults are indicated by bluffs 
of schist. 

The bluff southeast front of Gallows Hill, referred to above,+ 
consists of limestone for about 300 feet, and above this has a 

*This southwestward direction is probably a consequence of the fact, already 
stated, that an Archzan area exists to the south and southeast in the hilly 
region of Sharon, Cornwall and Kent, which was a resisting mass when the up- 


lifts and flexures of the later rocks took place. 
+ It is near the house of Mr. L. D. Goodwin. 
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cap of the mica schist. The beds dip 8° to 10° southeastward 
(fig. 1). Great blocks of the schist (and none of limestone) lie 
at its base, as a result of undermining by the dissolving away 
of the limestone through descending water. The figure shows 
schist over limestone—the fact in all the 
sections of the hill in which limestone 
comes into view. 

This high bluff, within a hundred 
yards of its south end, changes abruptly 
to schist from top to bottom. A fault 
intervenes, which is covered on the front 
by a great triangular mass of schist-topped 
limestone, which has slid down from 
above. The direction of the fault is from 
east to west, or about west southwest- 
ward ; it appears to be the same that gives an abrupt southern 
limit to the limestone area No. 2’ (see map). 

At 2, the summit of Gallows Hill, there is another limestone 
bluff, rising out of a small limestone area. It faces westward, 
trends N. 40° W.., and has its beds dipping 15° in the direction 
N. 10°-20° E. The bluff is limestone to the top, but it has a 


E 


cap of schist just east of its highest point as represented in fig. 
2. Another section, from a low ledge a hundred yards farther 
south, is shown in fig. 3, the schist and limestone in contact. 

In another ridge on this same area to the southeastward of 
the first, the upper half is schist and the rest limestone, and the 
dip is westward (N. 29° W.). The outcrops indicate irregular 
fracturings and faultings along the region in a northwestward 
direction. 

A third prominent line of fault occurs at 2’ where there is 
another nearly parallel limestone bluff 
facing west. A cap of mica schist covers 
the top and in some parts makes a pro- 
jecting brow, as shown in fig.4. ‘The 
limestone at all the localities is impure, 
though coarsely crystalline, and here 
there is a layer of mica schist 25 feet 
thick, besides thinner intercalations. 

At 38, just north of the last locality, are two narrow parallel 
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bands of limestone, nearly east-and-west in direction, indicat- 
ing two lines of faulting, transverse to the preceding. Fig. 5 
represents a section across the beds from south to north, 
through the two belts. The southern belt has the overlying 
schist and limestone in direct contact, with the dip 25°-30° to 


the northward ; and ina front view the beds at the place are 
arched as in fig. 6. The dip in the northern line is about 35°. 
These small belts of limestone also have interruptions which 
indicate irregularities from wrenching in the fracturing. 

In all the sections in this region the evidence as to order 
of superposition is of the perfect kind. No overturn or westward 
overthrust is at all probable. For staurolitic mica schist does 
not exist to the eastward, while it is the rock of ridges to the 
westward. At the north end of the ridge, five miles to the 
northwestward, the limestone dips under the schist at the east- 
ern angle, giving further evidence as to its underlying position 
and the synclinal character of the ridge. 

b. Three miles north of Gallows Hill, at 4, there is the south 
end of another schist ridge. In the view from the southward 
a thin stratum of schist having the eastward pitch of the sur- 
face, overlies, like a blanket, a bed of white limestone, as repre- 
sented in fig. 7. The limestone directly below the schist has a 
vertical front with some schist-capped recesses; but south of 


this bluff portion it spreads widely as the rock beneath the 
sloping fields, showing itself in occasional outcrops. The di 
of the beds is oblique to the section, being 35° to the 
N. 71° E., the strike being N. 19° W. The section does not 
show whether the ridge is synclinal, anticlinal, or monoclinal 
(though a fault). 

c. To the northwest of the last locality at 5, is a small ridge 
of schist, named Turnip Rock. 1t is about a fourth of a mile 


5. 
6. 
SS) 
rE, 
8. 


214 J. D. Dana—Taconic Rocks and Stratigraphy. 


long. The schist overlies the limestone in a shallow synclinal, 
and comes nearer to being a horizontal remnant than any I have 
elsewhere seen. Limestone makes the base of the hill as rep- 
resented in fig. 8; which figure answers equally well for sec- 
tions up the hill from the southward, southeastward and east- 
ward. 

d. In northeastern Salisbury stands one of the larger ridges 
of mica schist named Toms Mountain. At its very narrow 
south end, where it crosses the road (see map), the limestone 
and schist, in outcrops about a dozen yards apart, may be seen 
dipping alike, 25°, in the direction S. 81° E.—the strike being 
N. 9° E. Nothing at the place indicates whether the schist is 
an intercalated stratum, or the south end of a flexure; for east- 
ward dips exist on both sides of it; and this continues north- 
ward to and beyond the railroad. But abreast of the north 
end of the lake, the limestone extends high up the steep wesi 
slope of the mountain and passes beneath the schist with a 
pitch of but 10°. Further, on the east slope, nearly half a 
mile from the Massachusetts line, where the mountain is re- 
cessed, it comes out from beneath the schist 50 feet or so 
above the base of the mountain with a similar small dip. The 
synclinal is a westwardly careened trough to the south, but a 
very shallow and broad trough to the north. Nearer the 
Massachusetts boundary, the schist extends across the road 
eastward with a small dip. 

e. In the part of Sheffield, that lies north of Salisbury and 
west of the Housatonic, the smallest of the areas of schist is 
only 200 yards long. A group of these areas in the southern 
part of the town looks as if consisting of remnants of the west 
side of Toms Mountain svnclinal. The limestone in which 
they lie, dips beneath the schist conformably on the west side 
and over it on the east, giving no evidence as to whether they 
are isolated intercalated layers, or the thin summits of folds, 
excepting the fact of the relation in position to Toms Moun- 
tain just mentioned, and the resemblance of the rock to that of 
this mountain and of Mt. Washington. The northern of the 
areas northwest of Sheffield village (where a recess in the rocks 
is called Bear’s Den) is the most northern locality of staurolitic 
mica schist I have met with.* 

J; Winchell’s Mountain, in New York, west of Mt. Washing- 
ton, is a ridge of hydromica schist, becoming finer-grained and 
argillyte-like on the west. To the northward the dip of the 
schist is eastward, and mostly 35° to 60°. West of Millerton 
the ridge sends off an eastern spur, southeast in trend; and in 


* The occurrence of staurolite crystals in the mica schist of the small area near 
the village of Sheffield was first announced by Dr. Chester Dewey, in 1824; and 
the same in the Salisbury mica schist, by Prof. C. A. Lee, in 1822. (See this 
Journal, viii, 7, and v, 36.) 
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the open area between the mountain and the spur, where a 
limestone plain begins, the limestone comes out from beneath 
the slates of the mountain almost horizontally (see T-symbols 
on the map), and disappears in a similar manner beneath the 
slates of the spur with a dip slightly eastward. The inferior 
position of the limestone is plain. On the east side of the spur, 
along the Harlem railroad, where the spur joins a schist ridge 
of northeast trend, the limestone overlies the schist with a dip of 
30° (the direction of dip N. 18° E.); the proof of the underlying 
position of the limestone being accepted, this overlying lime- 
stone indicates only a westward careening of the synclinal—the 
usual fact. 

g. The evidence that Mt. Washington is a synclinal in struc- 
ture (or rather a compound synclinal), as already explained in 
the last volume of this Journal, is well shown on the map; and 
as the roads are given, it exhibits the facts more intelligibly to 
the reader than the map of the former paper. Along the west 
side, eastward dips are universal in. both the limestone and 
schist, and the angle is mostly between 40° and 60°. Along 
the eastern foot the angle of dip in the schist and the nearest 


w. 


limestone is small in Massachusetts, being 10° to 15° westward 
at the north extremity in Egremont; 10° to 25° W. along by 
Spurr’s (see map), and about the same in the bluffs near Roys’s. 
In this Massachusetts part, in which the synclinal has a broad 
tray-like form, the limestone makes a high base to the moun- 
tain, it being the rock of the lower 150 to 250 feet. Nearing 
Connecticut, and within that State, the dip of the schist and 
limestone at the base of the mountain increases, being 50° to 
55° W. half a mile north of the Connecticut line, and mostly 
60° to 65° at Sage’s Ravine just south of the line. Farther 
south, west of ore-pit ¢ (Camp’s) the dip is about vertical, and 
west of the ore-pit h (Scoville’s), it has 10° of easting. The syn- 
clinal of Mt. Washington is hence shallowest to the north ; and, 
like all the rest, is not a symmetrical trough. 

Figure 2 in the Mt. Washington paper (page 271) represents 
the position of the rocks at 17 on the map, near L. Roys’s; and 
fig. 1, that on the west side of the mountain at 18, east of 
Weed’s ore-pit. The above figure 9, represents a section at 
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16, near the north end of the mountain, and about 500 yards 
(by pacing) from the road ; and fig. 10, the same at 15. 

The small limestone areas in the Mt. Washington region west 
of Lakeville, and which are probably, as observed in the Mt. 
Washington paper, decapitated anticlinals, are situated near, 
and north of, the upper road to Miller- 
ton. The quarry of limestone with 
overlying schist represented in figure 
3 of that paper, occurs in area 1; the 
locality of fig. 4 is along the road at 
2; and that of 5 in the field at 8, 
where a narrow strip of schist sepa- 
rates this area from No.4. The areas 
4 and 6 are probably parts of a single anticlinal flexure, the schist 
of which still remains over a middle portion. Area 9 is in the 
bed of a brook near a fence which follows the New York 
boundary, a short distance north of a bridge over the brook, 
and about 1,000 yards (by my pacing) north of the carriage road. 
Area 8 is adoubtful one, since the only outcrop of limestone 
found was small, and it may be that of a loose mass; yet the 
ore-bed* and the flat valley south of it are pretty good addi- 
tional evidence as to the existence of limestone beneath. 

Southward dips alternating with eastward occur in the 
southern extremity of the mountain at outcrops along the road 
> east and west of Lakeville and also to the north. 

The western lobe of limestone in southern Egremont extend- 
ing south into the Mt. Washington area may continue south- 
ward to the first road-junction, since a well near there, at Mr. 
O. C. Whitebeck’s (as I am informed by Mr. H. F. Keith, of 
Great Barrington), has hard water. From Mr. Keith, I also 
have learned that four miles to the south in the same north- 
and-south line, near the eastern foot of Elk Mountain, 
there may yet be found a limestone ledge, as an old deed of 
property reserves the limestone. 


Ll. The limestone underlies conformably strata of Quartzyte, and o 
Je, 
quarizylic or arenaceous Mica schist. 


The limestone of Salisbury and Sheffield spreads eastward 
across the Housatonic River into Canaan and New Marlborough 
and covers a large part of these towns. Mica schist is the rock 
of many ridges within the limestone limits, as it is west of the 
Housatonic; but it is in most cases a much more arenaceous 
variety, and it is not staurolitic. Quartzyte is the chief rock 
of many of the ridges; and it occurs both massive and of the 


* D. Cook’s, and bearing N. 50° W. from Mr. Cook’s house. 
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well-bedded fragile kind. The latter is most common; it is 
often micaceous and graduates into arenaceous mica schist, and 
thence into ordinary mica schist. These rocks, like the schists 
of the west side of the Housatonic River, overlie conformably 
the limestone formation. Farther north in Berkshire county, 
they occur also to some extent on the west side of the river; 
and one such area extends over the northern border of Sheffield 
(see map). The following sections exhibit the order of super- 
position. 

a. West of South Canaan near the house of Mr. T. H. Palmer, 
and in the.fields north and south of it there is the very narrow 
top of an anticlinal outcrop. Its direction is N. 20°-31° W. 
By the north side of the house, at a small quarry, the arching 
limestone has the schist in place on the northern side of the 
arch, as represented in fig. 11. The dips are greater to the 
right, as shown in the figure, and correspond to the distance 


ll. 


from the axis. In the field northwestward the schist continues 
with the limestone underlying it. The dips are less regular on 
the south side of the anticlinal, south and west of Mr. Palmer’s 
house, owing to the overthrust character of part of the arch. 

6. In South Canaan, near 7 (see map), on the south side of 
the west end of Cobble Hill, on and near the road, quartzyte 
of the hard massive kind, micaceous in its upper part, is over- 
laid by mica schist, the lower beds very 
arenaceous (fig. 12); the strike is N. to 
N. 30° E., and the dip 20°-25° eastward. 
No outcrop of limestone occurs near by 
to show whether the quartzyte is overlying 
or underlying. 

Above the mica schist there is a whitish <= = 
granitoid gneiss, and this is the rock of the hill to the east- 
ward. It is a remarkably brittle and quartzose gneiss, and 
apparently comformable to the schist. Buta good junction is 
not exposed and the position is still in doubt. It is one of the 
two cases of possible overthrust referred to on page 193, and 
will have fuller description at another time. 

c. Canaan Mountain rises 800 to 1,000 feet above the Canaan 
plains. It has, on its southwest, west and north sides, a base- 
ment of limestone varying in its height above the plain from 
about 150 to 400 feet. This limestone basement reaches east- 
ward, on the north side to the eastern boundary of Canaan, 
and, on the opposite to the road up the mountain; and beyond 
these points rapidly declines. 
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The dip of this limestone, as the T’s on the map indicate, is 
toward the mountain on the three sides; and the same is true 
of the overlying schist. Fig. 13 shows the position of the 


rocks in a section at 8, on the southwestern side, and fig. 14 
the same at 9, on the north side near the western end. Fig. 15 
represents the section on the north side at 10, toward its eastern 
end. 

The limestone in its upper portion is often impure with 
“canaanite” or massive white pyroxene. The beds of schist 
overlying it are arenaceous, and an interval of bedded or mica- 


ceous quartzyte intervenes in places. The thickness of the 
quartzytic layer I could not determine because sandy soil 
usually conceals it. In the third section (fig. 15), large masses 
of hard quartzyte lay over the surface, as evidence of a 
quartzyte stratum below; the limestone at this point extends 
400 feet above the stream at its base. To the eastward the 
mica schist of the top loses its arenaceous character. 

d. Church Hill is a lower elevation, close by the west end 
of Canaan Mountain (at 11). It is an example of a shallow 
synclinal. The limestone basement extends high up the hill— 
farthest on the north side—as illustrated in fig. 16, which is a 
section from northeast to southwest. A marshy area covers 
part of the summit, and hence the break in the diagram. The 
schist of the top is quartzytic mica schist. 

e. Rattlesnake Mountain, northeast of the village of Canaan, 
consists of arenaceous or quartzytic mica schist, micaceous 
quartzyte and ordinary, but mostly bedded, quartzyte. These 
rocks rest on limestone in a region of limestone. As the T’s 
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on the map point out, the dip in the adjoining limestone on the 
east side is westward, on the south northward, and on the west 
eastward, proving its synclinal character; and, as the angles of 
dip show, the synclinal has its steepest margin on the west and 
northwest sides. Figure 17 represents a section on the east 


7%. 


side at 12, where, in a number of outcrops close to the foot of the 
mountain, the dip is westward. East of these outcrops about 
150 yards other opposite or eastward dips occur owing to an 
anticlinal outside of the synclinal. Fig. 18 gives the position of 


18, 


the rocks on the west side at 13 (E.N.E. of the house of M. T. 
Granger), showing conformability to the schist in the limestone 
at the nearest outcrops, but various flexures outside of the 
mountain synclinal in the next 400 yards, and very bold flex- 
ures in the limestone at the western end of the section. The 
little limestone ridge of bold flexures is only 40 to 50 yards 
wide; two partial sections of it, taken at points 50 yards apart, 
each about 30 feet in actual length, are represented in figures 
19 and 20. The facts illustrate the irregularity and variety of 
the dips in the limestone remote from the base of the ridge. 


20. 
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J; Southeast of Rattlesnake Mountain and just west of East 
Canaan, there are six small areas of hard massive quartzyte 
insulated in the limestone, the largest. 1,400 feet long and the 
smallest 180 feet. The two larger have their positions given on 
the map. These areas are described by the writer in a paper 
in this Journal for March, 1872 (p. 185), and a large map of 


= 
WwW. 
19. 

AC RS 


220 J. D. Dana—Taconic Rocks and Stratigraphy. 


the region is there given from a manuscript map by Mr. Joseph 
S. Adams. No good sections showing positively the relations 
of the quartzyte to the limestone exist about the areas.* 

g. The ridge in eastern Canaan, Q Q Q, consists of quartzyte, 
part of it of the hard massive kind, and part thin-bedded and 
more or less micaceous. ‘ Hard-heads,” or bowlders of quartz- 
yte, are common over it, but little of the rock is in place owing 
to the depth of disintegration of the porous rock. At the 
locality in East Canaan, where the Connecticut Western R. R. 
crosses Whiting River and the carriage road, a deep section 
exposes to view the quartzyte—a very thinly laminated fragile 
rock, easily crushed by the hand to sand; its dip at the west 
end of the exposure is 25° E., but to the eastward it becomes 
horizontal and westward in dip. No outcrops of limestone 
occur in the vicinity. 

h. The part of Sheffield and of the town of New Marlbo- 
rough, lying to the north of Canaan, have several north and 
south ridges of quartzytic, mica schist (as is indicated on the 
map), which are part of the system that extends from Canaan 
northward through Berkshire. Ihave not found, in the region, 
examples of limestone and overlying quartzyte in close or near 
contact and hence give no sections. Owing to the easy decay 
of most of the bedded quartzyte, a broad earth-covered sur- 
face commonly separates their outcrops; and sometimes such 
a surface with scattered “ hard-heads” is all that is to be seen 
over their slopes. Good sections occur in the towns next north, 
and will be described in part II of this paper. 


Ill. The stratigraphical continuity of the limestone, and also of 
the beds overlying tt. 


The facts which have been presented show that the lime- 
stone of the town of Salisbury, is plainly a single stratum or 
formation, normally underlying, and therefore older than, the 
schist of the region. 

Again: topographical, stratigraphical and lithological facts 
lead to the similar inference that the schist of Mt. Washington 
—or the Taconic schist—is one in stratum with that of the 
various ridges over Salisbury that diverge from this mountain 
mass and in other cases lie parallel to it. 

This limestone continues into Canaan and the towns north; 


*In my article of 1872, referred to above, I make the quartzyte older than the 
limestone and unconformable to it. The evidenze adduced is not conclusive, as it 
did not depend on a section showing superposition. The argument from the 
jointed structure and non-bedded character of the quartzyte, and the absence of 
any corresponding features in the limestone, is set aside by many facts I have 
since observed. 
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and no observed facts suggest any doubt as to the unity of the 
whole. The eastern portion may differ from the western in 
chronological limits, but all is evidently of one and the same 
formation. 

In Canaan, as in Salisbury, the schists and the associated 
quartzyte overlie together the limestone and thus present the 
same stratigraphical proof of identity in formation and age. 
Further, the schists of Winchell’s Ridge overlie the same lime- 
stone and have the same claim to be considered a part of the 
Mt. Washington or Taconic stratum as the ridges to the east- 
ward. 

The facts thus sustain the conclusion that the formations 
outcropping within the region considered are two: one consist- 
ing of limestone; and one, overlying this, consisting of mica 
schist and some associated rocks. Other facts bearing on the 
question from the rest of Berkshire have yet to be presented. 


IV. Zhe limestone overlies conformably strata of quartzyte and asso- 
ciated mica schist, proving the existence of an inferior quartzyte 
Jormation. 


Several cases have been mentioned in this paper (p. 209) of 
the occurrence of quartzyte and schist between the limestone 
and a neighboring Archzan area. I have also referred above 
to the fact that the hill region of Sharon, Cornwall and Kent, 
northeast in trend (and called by me elsewhere the Kent-Corn- 
wall range) has a broad axis of Archean rock, and a belt around 
it of the Canaan-Salisbury limestone, as mapped by Percival ; 
and that between the limestone belt and the Archzan on the 
east side near Kent, and on the west side near Sharon and 
Dover, exist some of the localities of quartzyte so situated. 

The same Archean area has quartzyte, with the associated 
mica schist, on its northwestern side or that fronting Salisbury, 
as indicated by the Q’s on the map; and another area on its 
north side near the boundary of South Canaan and Cornwall. 
From the position of the quartzyte between the limestone and 
the Archean it is probable, as has been stated, that this quartz- 
yte is older than the limestone and of the age of the Potsdam 
sandstone. No outcrops of limestone occur close against the 
quartzyte, and we are unable therefore to decide the question as 
to conformability. We have only the fact of conformity in dip 
at distant outcrops, both near the village of Kent and near 
Sharon. Mica schist accompanies the quartzyte on the borders 
of Salisbury and South Canaan both as ordinary mica schist and 
the quartzytic variety, overlying and underlying tt conformably ; 
and the schist does not differ essentially from that over the 

Am. Jour. Serres, Vou. X XIX, No. 171.—MAROH, 1885. 
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limestone in Canaan. These quartzyte areas have a hard, gray, 
well banded gneiss in close proximity, the age of which,— 
whether of the Quartzyte formation, or of the Archean, I leave 
for later discussion. 

One well-displayed example of the overlying of limestone by 
quartzyte conformably occurs in New Marlboro, north of 
Canaan Valley (at 14 on the map). Fig. 21 represents the sec- 
tion. But it is possible that the overlying is a consequence of 


an overturn fold. The quartzyte is of the hard massive kind. 
It is on the east margin of the aréa which has a bed of kaolin 
on its west margin. 

There is one feature of several of the quartzyte beds that ap- 
pear to be underlying, which, on further study, may become 
good lithological evidence of age. This is the occurrence in 
some of them of a large amount of the coarsely-feldspathic varie- 
ty of quartzyte, and as a consequence of this, the existence in 
or near them of large beds of kaolin. Such a conjunction 
occurs in the quartzytic region of northeastern Sharon and in 
others to the north in Berkshire. The case of New Marlboro 
is probably one of these, although the feldspathic variety of the 
quartzyte has not yet been found there in place. 

I omit further remarks on this lower quartzyte and its rela- 
tions to the associated schists, including the adjoining gneiss, 
until I have given the subject another season of field study. 

The lithological facts from the region considered illustrate 
an important principle in regional metamorphism ; the results 
as to degree of change, and kinds of minerals produced, are 
geographically gradational, they varying regularly from north 
to south and from west to east. A review of the facts on this 
point will close this part of my paper. 

[To be continued. ] 
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Art. XXVIII.— Variations of Latitude ; by ASAPH HALL. 


THE International Geodetic Conference held at Rome in 
October, 1883, presented to the notice of astronomers the ques- 
tion of the variability of latitudes. A plan of observation was 
proposed to the Conference by Mr. Fergola, an Italian astron- 
omer, who has made the matter a special study, and this plan 
was referred to a committee composed of Messrs. Villarceau, 
Bakhuyzen, Cutts and Schiaparelli. This committee reported 
favorably, and in due time the proposed plan has come to the 
Superintendent of the Naval Observatory through the veteran 
leader of geodesy, General Biyer, the head of the Prussian 
Geodetic Survey. 

According to the plan of Mr. Fergola the variations of lati- 
tude are to be investigated by special series of observations, 
made with the best prime vertical transit instruments on 
selected lists of stars. An important feature of the plan is 
that the work is to be chiefly differential. Two observatories 
are to codperate; for example, one in Europe and one in 
America, and these stations are chosen so that the difference of 
latitude is small. It being thought best to confine the obser- 
vations to established observatories, in order that similar series 
may be more certainly made in the future, Mr. Fergola has 
selected the following stations: 


Stations selected. ° Diff. Lat. Diff. Long. 
Cape of Good Hope—Sydney .--------- 4' 22” 51™ 
Santiago— Windsor 9 47 9 14 
3 53 6 40 
Naples—New York (Columbia Coll.) - --- 6 22 5 53 
Lisbon—Washington -.--,------------ 1l 7 4 31 


At such stations as these the stars that pass near the zenith, 
and which are best suited for determinations of latitude, can 
be observed at both stations at nearly the same zenith distance. 
The conditions would be such that the variations of refraction 
would be small; and if the observations are made with care 
and skill, and with the best appliances of modern astronomy, 
the difference of latitude of the two stations must be deter- 
mined with the utmost accuracy. If the observations should 
be repeated after an interval of fifty years or more, the ques- 
tion of the variability of latitudes would be subjected to a 
severe test. 

The Conference has raised an old question which was once 
much discussed among astronomers. Two centuries ago the 
notion that latitudes vary during the year was a common one, 
but the progress of astronomy, and the complete reduction of 
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observations with better tables of refraction, have caused the 
disappearance of nearly all the anomalies that formerly ap- 
peared, and the general opinion has tended toward the idea 
that latitudes have no sensible variations. Still, this is a result 
that @ priori would not perhaps seem probable. Thus we 
might have geological changes that would alter the position of 
the vertical line at a station; or again, such as would cause a 
gradual or secular change in the position of the earth’s axis of 
rotation, by shifting large masses of matter on the earth’s sur- 
face or in its interior, and these changes might produce varia- 
tions of latitude. In fact it is for the purpose of testing local 
changes that Mr. Fergola has chosen stations which have a 
large difference of longitude. The table of latitudes published 
some years ago by this astronomer does seem to show a secular 
change in the latitudes of northern observatories. This table is 
as follows: 


Place. Date. Latitude. 
Washington 1845 + 38° 53’ 39725 
Washington 1863 38 *78 

1825 48° 50’ 137-0 
1853 


1811 45° 27’ 60"°7 
1871 59 *19 


1810 41° 53’ 54°°26 
1866 54 


1820 40° 51’ 46°63 

1871 45 °41 
Kénigsberg 1820 54° 42’ 50"°71 
Konigsberg 1843 50 ‘56 
Greenwich 1888 + 51° 28’ 387°43 
Greenwich 1845 ; 38 ‘17 
Greenwich 1856 37 


It will be seen here that without a single exception the lati- 
tudes given in the table have diminished during the present 
century. But these variations are small, and during these 
intervals of time so many changes have occurred in the instru- 
ments and among the astronomers that the diminution of lati- 
tude may be only apparent. The most complete investigation 
of this question is that by Mr. Nyrén of the Pulkowa Observ- 
atory. In this case the observations have all been made with 
the same instrument, and the observations are of remarkable 
accuracy. The probable error of a single determination of 
latitude is only + 0/2. The results for the latitude of Pul- 
kowa are: 


eac 
pro 

co 
atic 

tio 
resi 
bot 

tha 

diff 

tio 

ene 
case 

the 

firn 
cuss 
Chr 

fro 
| 

tude 

in 1 

and 
Thes 
Pulk 

secu 
So 

isa 
earth 
and j 

diree 

the e 

that 

axes, 

such 


A. Hall— Variations of Latitude. 


Observer. Date. Latitude. 
1843 59° 46’ 18'°73 + 
18 + 0 
18 ‘50 + 0 ‘014 


Here again we notice a small diminution of latitude. In 
each determination also the observations are so numerous that 
probably the accidental errors of the observer have been almost 
completely eliminated. Thus the number of Peters’s determin- 
ations is 371, Gylden’s 236, and Nyrén’s 155; all from observa- 
tions of the pole star. It may seem hypercritical to doubt 
results that have been deduced with so much care and skill, 
both in observing and reducing; but still we must remember 
that these are absolute determinations of latitude, that three 
different observers took part in the work, and that the varia- 
tion from Peters to Nyrén is only 0°23. An astronomer of 
experience would be cautious, I think, in ascribing this differ- 
ence to an actual change of latitude. But the evidence in this 
case supports that drawn from Mr. Fergola’s table. It is well, 
therefore, to examine how far more recent determinations con- 
firm the results of this table. A recent and very complete dis- 
cussion of the latitude of the Greenwich Observatory by Mr. 
Christie, the present Astronomer Royal of England, gives 
from the observations of the years 1836 to 1879 the following 
values of the latitude: 


1836—1849 Latitude = 51° 28’ 387°15 
1851—1865 Latitude 38 
1866—1879 Latitude 38 °17 


These results give no evidence of a secular change of lati- 
tude. Again, a determination of the latitude of Washington, 
in 1888, gives 

Latitude = 38° 53’ 38'-94, 


and this result also furnishes no proof of a change of latitude. 
These negative results show that in the case of the latitude of 
Pulkowa we must wait for further proof before assuming a real 
secular change in the latitude of that Observatory. 

So far as periodical changes of latitude are concerned, there 
is a theoretical reason why such changes might occur. If our 
earth at the origin of things received its motion around the sun 
and its motion of rotation on an axis from a single impulse, the 
direction of the impulse would pass about twenty miles from 
the earth’s center, and it would seem to be but little probable 
that the earth would begin to rotate around one of its principal 
axes. But the observed constancy of latitudes shows that 
such was very nearly the case, or that some cause has acted to 
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bring the instantaneous axis of rotation practically into coinci- 
dence with the principal axis. These periodical changes 
depend on the structure of the earth, and the distribution of its 
matter. They are, therefore, quite different from precession 
and nutation, which are produced by exterior disturbing forces, 
chiefly by the action of the sun and moon. The theory of 
these periodic motions was given by Euler in 1765. The 
period of the change of latitude depends on the moments 
of inertia of the earth, and the values of these moments are 
given approximately from the observed values of the preces- 
sion and nutation. An expression of the periodical change of 
latitude is found easily from Euler’s equations for the motion 
of a rigid body. This results from the first step in the approxi- 
mate solution of these equations, but it is sufficient for all 
the purposes of observations. If A, B,C, are the moments 
of inertia about the principal axes, and g denotes the latitude, 
the general expression for the latitude is 


P=P,+/p. cos | n.t+§& 


in which g,+ p cos € is the latitude at the epoch of ¢, n is the 
velocity of rotation of the earth on its axis, and p and € are 
constants to be found from observations. The expression 
under the radical sign must be positive, since otherwise the 
motion of rotation of the earth would not be stable. If we 
substitute the values of the moments of inertia, the expression 
takes the following form in which the unit of time is a year: 


P=P,+/. cos (431° . 


Hence the instantaneous axis of rotation makes a revolution 
around the principal axis in 805 days. ; 

We have now to see what the observations have shown in 
regard to this periodical variation of latitude. The first careful 
investigation of this question was made by C. A. F. Peters, of 
Pulkowa, from his excellent series of observations with the 
Ertel vertical circle. These observations extend over thirteen 
months, and from their discussion Peters found for 1842, 


p=0"079 + 0":017. 


A similar discussion was made by Nyrén of the three series 
of observations made by Peters, Gylden and himself with the 
same instrument, and the results are, 


p=0"'101+4 0"-014, Peters, 1842. 
p=0 *125+ 0 Gylden, 1866. 
p=0 058+ 0 015, Nyrén, 1872. 
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This is a very good agreement of the results, and it is worth 
while to notice that the parallax of the pole star comes out 
positive from each series, and that the resulting value of the 
constant of aberration agrees well with the best determina- 
tions. An investigation made by Mr. A. M. W. Downing of 
the latitude of Greenwich from the observations for the ten 
years 1868-1877 gives 


p=0":075 + 0"°015. 


The first thing we notice about these results is the smallness 
of p, which is the maximum variation of the latitude, and also 
the fact that in every case it is from four to eight times 
as great as its probable error. From this relation of the 
probable error one might infer the reality of p, but we ought 
to consider the form of the equation of condition. This will 
contain the two unknown quantities, =p cos €, and y =gsin &. 
The solution will give us 


peos§=+m 
psin§=+72, 


and from the nature of the case p will always be a real, positive 
quantity. The small values of p show that the variations of 
latitude are also small, and it is from the values of € that we 
must judge whether the results are harmonious and really 
probable. Reducing the values of € to a common epoch, the 
agreement is not good. We infer, therefore, that these investi- 
gations do not indicate with any certainty a variation of lati- 
tude having the period of 305 days. 

From what precedes it appears that observations do not 
prove that latitudes are variable, and the evidence points rather 
to other sources of small changes that may depend on the 
seasons. Perhaps some of these may arise from the tables of 
refraction which are in common use, and which are assumed to 
fit the whole earth. It is possible that for the best absolute 
determinations of zenith distances the question of refraction 
will need to be investigated for each Observatory.* The 
method of observation proposed by Mr. Fergola seems to have 
a great advantage over those that have been followed heretofore 
from the fact that it is differential. But it is evident that even 
in this method the observations must be made with the utmost 
care, and with due consideration of all the surroundings, in 
order to detect the variations of latitude which we know must 
be very small. 

*TIt is not uncommon to exaggerate the accuracy with which latitudes are 
known. We have only to refer to our ephemerides to find much larger differ- 


ences than the probable errors will warrant. Thus the latitudes of Greenwich 
given in the Berliner Jahrbuch and the American Ephemeris differ by 0"°3. 


Naval Observatory, 1885, January 21. 
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Art. XXIX.—Notes on the Jurassic Strata of North America ; 
by CHARLES A. WHITE. 


AT various places in Colorado, Wyoming, Dakota, Utah, 
Montana and other western Territories, there are frequent and 
large exposures of a formation which geologists and _paleontol- 
ogists have agreed in referring to the Jurassic period. It has 
received recognition as of that age in all the official reports 
which have noticed it; and from all members of the U. S. Geo- 
logical survey who have written upon the subject. Professors 
Marcou, Newberry and Hayden and other early explorers rec- 
ognized the formation as Jurassic, but it is to the late Mr. F. 
B. Meek that is due the credit of giving the first exposition of 
its claims to that recognition, based upon a publication of its 
invertebrate fauna. It is true that this fauna, even as it is at 
present known, is a meager one, but its character, together 
with the position of the formation in relation to those which 
underlie and overlie it, has been deemed sufficient warrant for 
the opinion referred to. 

The formation in question is usually spoken of simply as 
Jurassic, but it has received local names by some authors, and 
some of its divisions have also received subordinate names. 
Some geologists have also grouped the whole formation together 
with a large series of underlying beds which have been gene- 
rally considered as of Triassic age, under the compound name 
of Jura-Trias. Major Powell called the Jurassic portion, the 
Flaming Gorge Group: and Professor Marsh, dividing the 
Jurassic beds into two parts, has given the upper part the name 
of Atlantosaurus beds, and the lower part the name of Saurano- 
don, or Baptanodon beds. 

It is in the lower division only, so far as I am aware, that 
any invertebrate fossils have been found: and it is upon these 
that was based the earliest published opinion as to the Jurassic 
age of the formation. But from both divisions there has been 
obtained an exceedingly rich and remarkable vertebrate fauna. 
This fauna has been brought out mainly by Professor Marsh, 
who has published the results of his investigations in this Jour- 
nal from time to time during the past eight years. It is mainly 
reptilian, but it also embraces many mammalian forms. Pro- 
fessor Marsh refers all this remarkable fauna unhesitatingly 
to the Jurassic period, and all paleontologists agree with him 
in this respect. Let it be remembered tiat a part of this ver- 
tebrate fauna is associated in the same layers with the inverte- 
brate fauna which has been referred to, and a part of it comes 
from layers which overlie them. 
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The discovery of this great vertebrate fauna seemed to set- 
tle the question of the Jurassic age of the formation in the 
minds of paleontologists generally; but Mr. J. F. Whiteaves, 
Paleontologist to the Canadian Geological Survey, has lately 
published in one of the volumes of that survey, views which 
are entirely adverse to those hitherto held by all others.* In 
that work he describes and figures some fossils which were col- 
lected by Mr. James Richardson and Dr. G. M. Dawson at 
Queen Charlotte Islands, on the west coast of British Columbia. 
The fossils are reported to have come from a series of strata some 
13,000 feet in thickness, all of which are referred to the Creta- 
ceous period. The principal fossiliferous horizon of this series 
is about its middle, and it bears an abundant and characteristic 
Cretaceous molluscan fauna, which is regarded by Mr. Whiteaves 
as equivalent with that of the Gault or Middle Cretaceous. 

Among this Middle Cretaceous fauna Mr. Whiteaves announ- 
ces his identification of eight or nine molluscan species with 
forms that are common in our Jurassic rocks, to which refer- 
ence has already been made. He therefore regards our Juras- 
sic formation not only as of Cretaceous age, but he places it in 
the middle of that series. With sincere regard for the paleon- 
tological ability of Mr. Whiteaves, I quite fail to agree with 
him either as to the Cretaceous age of those strata, or with his 
identification of any of its species in the British Columbian 
rocks. He has stated his case plainly in the publication refer- 
red to; and upon the occasion of a late visit to the museum of 
the Canadian Survey at Ottawa he kindly permitted me to 
examine the British Columbian collections, including the speci- 
mens which he regards as identical with species found in our 
Jurassic rocks. The following is a list of the species to which 
he refers them; following which are my remarks, based upon 
an examination of his specimens and a considerable familiarity 
with the type specimens of those species. 


1. Belemnites densus Meek & Hayden. 

2. Lyosoma Powelli White. 

3. Myucites (Pleuromya) subcompressa Meek. 
4, Astarte Packardi White. 

5. Arca (Cucullea) inornata M. & H. 

6. Modiola ( Volsella) subimbricata M. & H. 
7. Pteria (Oxytoma) mucronata M. & H. 

8. Camptonectes extenuatus M. & H. 

9. Gryphea Nebrascensis M. & H. 


(1.) Belemnites densus. Mr. Whiteaves’s collection contains 
only one specimen which he refers to this species, and that is 

*See Volume i, Part ITI, Mesozoic Fossils. Dawson Brothers: Montreal, April, 
1884. 
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too imperfect to be satisfactorily identified as belonging to any 
particular species out of many that might be mentioned. See 
his figure of it (loc. cit.) 

(2.) Lyosoma Powelli. Mr. Whiteaves was in doubt as to the 
true identity of this form with his Vanikoro pulchella. I am 
confident that the two shells are not only specifically different, 
but that they belong to separate families; the Vanikoro to the 
Neritopside, and the Lyosoma to the Velutinide. 

(3.) Myacites (Pleuromya) subcompressa. The British Colum- 
bian collection contains many specimens of the form which Mr. 
Whiteaves refers to this species, showing a wide range of varia- 
tion; but they are all in such a state of preservation as to 
show only the external form and surface characters of the 
shell. They also belong to a type of shells which, so far as 
can be determined from the fossils as they are usually found, 
ranges from the Carboniferous to the Cretaceous inclusive. 
Indeed this type is so constant in general character that its 
variation in any part of its great chronological range is scarcely 
greater than is the interspecific variation which Mr. Whiteaves 
has shown to exist among his British Columbian specimens. 
Therefore I regard the identification of a species belonging to 
this type as unreliable if opposed by contrary evidence. 

(4.) Astarte Packardi. The British Columbian specimens 
which Mr. Whiteaves refers to this species are certainly very 
closely like the type specimens of A. Packard?, so far as exter- 
nal form and surface characters are concerned. It is also in 
these respects much like an unpublished form which I have 
seen among a collection of Cretaceous fossils from New Mex- 
ico. The hinge and interior markings of this form, as well 
as that of A. Packardi, are unknown; and they cannot there- 
fore be compared in these important respects with the British 
Columbian specimens. 

(5.) Arca (Cucullea) inornata. Mr. Whiteaves’s specimens 
are not in a condition to show the hinge, nor are their external 
characters well preserved. He refers his shell te the genus 
Grammatodon, but I could discover none of the characters by 
which its exact generic relations may be known among the 
numerous divisions of the Arcidee. 

(6.) Modiola (Voilsella) subimbricata. Only three specimens 
were obtained at Queen Charlotte Islands, and these are dis- 
torted and too imperfect for satisfactory specific identification. 

(7.) Pleria (Oxytoma) mucronata. Mr. Whiteaves had only 
one imperfect specimen of one valve. The most that can be 
said of it is that it apparently indicates a form which is much 
like the P. (O.) mucronata of Meek & Hayden. 

(8.) Camptonectes extenuatus. Mr. Whiteaves refers his speci- 
men, a single valve, with doubt to this species. In view of the 
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imperfection of his material and the slight range of specific 
variation in this genus I think his doubt is well founded. 

(9.) Gryphea Nebrascensis. Every paleontologist knows how 
unsatisfactory is specific identification among the Ostreide. 
Even if the resemblance between the British Columbian and 
Dakota specimens is really as great as Mr. Whiteaves thinks it 
is, there would still be room for doubt as to specific identity, 
especially in view of conflicting evidence. In fact, however, 
they differ from each other quite as much as many recognized 
species do; and the British Columbian form is more nearly 
like Gryphea navia of the Cretaceous of Texas, than the G. 
Nebrascensis of Meek & Hayden. 

A glance at the foregoing list will show that nearly all the 
genera there represented are noted for the small range of varia- 
tion which is observable among the species of each. In fact 
they are just such forms as those upon the specific identifica- 
tion of which one ought least to rely; especially in case the 
specimens are not numerous and perfect, and the incidental 
evidence is conflicting. 

There is another important fact which deserves great con- 
sideration in this connection. The British Columbian speci- 
mens are associated with numerous characteristic Cretaceous 
forms, the latter constituting the more distinctive feature of 
that fauna. On the contrary, not one of those, or any other 
distinctively Cretaceous types has ever been found in our Juras- 
sic strata at any of the many hundreds of localities, extending 
over many thousands of square miles, at which fossils have 
been collected from it. And our Jurassic molluscan fauna is 
also very constant in its character at all the places where it 
has been found. Furthermore, Mr. Whiteaves does not claim 
to have discovered any of our Jurassic Ammonitide, nor Ju- 
rassic vertebrates, in the British Columbian rocke. 

Whatever may be the true geological age of the formation 
which all American geologists have hitherto referred to the 
Jurassic, its identity with any of the strata from which Mr. 
Whiteaves’ fossils came is, in my opinion, in no measure proved 
by any of the species he has shown them to contain. Still, 
such challenges of received opinions as he has made are not 
only the privilege of every paleontologist, but they serve an 
excellent purpose in causing men to examine more closely into 
the ground of their opinions, and call for a public statement 
of their reasons for holding them. 

Although I do not regard the evidence which Mr. Whiteaves 
has presented as at al] supporting his position, there are two 
circumstances which apparently favor the doubt which the 
publication of his views may have raised as to the true age of 
the formation which we have always regarded as Jurassic. 
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First, the invertebrate fauna of that formation is meager. 
Second, there is, as I believe, always an apparent conformity 
between the Dakota Group of the Cretaceous series and the 
Jurassic formation, wherever they have been found in contact. 
While I do not think that this conformity really proves that 
there is no hiatus between the two formations, I think the cir- 
cumstance of its existence more worthy of consideration than 
the assumed specific identification of the fossils which I have 
commented on. I regard these circumstances as at most only 
slightly opposing the evidence in favor of the Jurassic age of 
the strata in question which is afforded by its fossils, especially 
its vertebrate fauna. 

These Jurassic strata are evidently not homotaxially related 
to the other North American strata which have by some authors 
been referred to the Jurassic. I refer to the Aucella-bearing 
rocks and their equivalents, which have been found in Cali- 
fornia, Washington Territory, British Columbia, Alaska, and 
the east coast of Greenland. Mr. Whiteaves follows Hichwald 
in referring these strata to the Neocomian ; and I have sug- 
gested that they occupy a position upon the confines of the 
Neocomian and Jurassic. These west coast and arctic beds 
appear to have no true equivalents in the United States to the 
eastward of the Pacific Coast region. 


ArT. XXX.—WMeteoric Iron from Coahuila, Mexico ; by 
N. T. Lupton. 


WHILE on a visit to Mexico in July, 1879, I was shown a 
a mass of iron, said to be a meteorite, near the house of a gentle- 
man who lived in the vicinity of Santa Rosa, a small town in 
the State of Coahuila about 120 miles south of Eagle Pass, 
Texas. According to information received at the time, this 
meteorite was found in the desert between Santa Rosa and the 
city of Chihuahua, about one hundred miles distant from the 
former place, and was brought to Santa Rosa by a Mexican 
named Juan Garca. I was also told that twelve years previous 
to my visit an expedition was sent out to bring in several 
similar masses from the same locality, which were secured and 
sent to the United States by Dr. Butcher, an American who 
was then living at Candela. The mass from which I succeeded 
in detaching about half a pound was said to weigh 192 Ibs., but 
I had no means at hand to verify this weight. It was of irreg- 
ular shape, measuring in three perpendicular directions 13, 11, 
8 inches. A small piece had apparently been cut from one 
end. Owing to its strong resemblance to common malleable 
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iron, and to the fact that nitric acid failed to develop the so- 
called Widmannstattian figures on a surface carefully polished, 
I was led to doubt the statement of itsorigin. Since that time, 
however, my attention has been called to the article of Dr. 
Lawrence Smith on “ Coahuila Meteorites of 1868 ” in this Jour- 
nal, vol. xlvii, page 383, and in his “‘ Scientific Researches,” page 
346, in which several similar masses are spoken of as having 
been brought to this country from near Santa Rosa. This in- 
duced me to analyze carefully a portion of the piece now in my 
possession with the following results. 


Phosphorus... +27 


Dr. Smith’s analysis of a specimen from one of the masses 
above mentioned yielded : 


Cobalt....... °48 
Nickel Phosphorus... 02 
Copper, very minute quantity. 


The similarity of composition in connection with other circum- 
stances convinces me that these are, in all probability, fragments 
of the same meteorite. It is proper to state that after careful 
examination I failed to find the least trace of copper. 

According to the account which Dr. Smith received from Dr. 
Butcher, a brilliant meteor passed over the town of Santa Rosa 
in the fall of 1837 and was heard to explode with a tremendous 
report after its disappearance among the mountains toward the 
northwest. Search was made for it the next day by Dr. Long 
of Santa Rosa with a party of friends, but without success. 
Some years later, Dr. Butcher undertook the search, an interest- 
ing account of which is given in the article above referred to. 

Dr. Smith remarks that while it matters little whether the 
time specified is that of the fall of these masses, nevertheless, 
“it forms one of the most interesting groupings of meteoric 
irons known in any part of the world, especially as the masses 
are solid and compact, and not fragile and half stony, as the 
Atacama iron, that may have been broken artificially after its 
fall, and the fragments scattered by Indians and explorers in 
search of silver. Each one of these masses merits a separate 
examination, which I hope to be able to give sooner or later to 
satisfy my mind on one or two points connected with their com- 
mon physical and chemical composition.” 

Dr. Smith’s description is applicable to the specimen in my 
possession. 

Vanderbilt University, Nashville, Tenn. 
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ArT. XXXI.— Optical Projection of Acoustic Curves ; by 
W. LeContEe STEVENS. 


THE following application of a well known principle may 
be of sufficient interest to teachers of Physics to justify its 
publication; it has not been elsewhere described, so far as is 
known to the writer. 

By appropriate measurements on paper the sinusoids repre- 
senting the tones composing any group of musical sounds can 
be compounded, and the resultant curve represents the con- 
cord or discord produced.. The construction of such curves 
involves much tedious work. Any of them may be easily 
produced and optically presented on a screen by a simple 
modification of the method commonly employed in projecting 
Lissajous’ curves. 


Optical Presentation of a Concord. 


Select a pair of tuning forks provided with mirrors and 
sounding tones whose vibration frequencies bear to each other 
such a simple ratio as 2:1 or 3:2. Let us suppose the tones 
selected to be C and G, with sixty-four and ninety-six vibra- 
tions per second respectively. Arrange the apparatus as for 
Lissajous’ experiment, except that both forks shall vibrate in 
vertical planes. At any convenient distance in front of the 
fork from which the second reflection of light occurs, place a 
mirror capable of revolution about a vertical axis, such as is 
used with the manometric flame. From this the spot of light 
is focussed upon a screen. 

Excite the G-fork; the spot is lengthened into a narrow 
vertical band, faint in the middle and brighter at the ends, as 
approximately shown in fig. 1, AB. Turn the mirror; 
the band is broadened out into a series of sinusoids, three 
of which are represented by the short-dotted curve in fig. 1. 
Arrest this fork and excite the C-fork; a longer vertical 
band, CD, is produced; and, on revolving the mirror, this 
is spread into sinusoids, two of which are represented by the 
long-dotted curve. Excite both forks while the mirror is at 
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rest; a vertical band is seen, longer than either of the previous 
ones, with spots of increased brightness not only at the ends 
but also at intermediate points, the beam of light being mo- 
mentarily arrested at several intervals in each compound 
vibration (fig. 1, EF). On revolving the mirror, a series of 
compound curves appears on the screen, ene of which is repre- 
sented by the continuous curve in fig. 1. In this the two forks 
are supposed to begin exactly together. If there be any 
other combination of phases than this, the result is a corre- 
sponding modification in the form of the curve. Practically, 
by loading either fork very slightly, the curve may be changed 
through all its modifications within a few seconds. 


Optical Presentation of a Discord. 


Select a pair of unisonant forks, and arrange as already 
described. Load one of them until any desired number of 
beats per second is produced. Excite both forks while the 
mirror is at rest. The vertical band of light grows alternately 
long and short, with the swelling and softening of the sound. 
Revolve the mirror rather slowly but uniformly ; the sinuous 
curve broadens verticaily at every beat and is narrowed 
at every approximate silence (fig. 2). By using forks of mod- 
erately high pitch and obtaining six or eight beats per second, 
discord may be seen and heard at the same time. 

This method of exhibiting the composition of musical sounds 
is in some respects preferable to the method of manometric 
flames, being visible at a greater distance, and showing more 
readily the effect of difference of initial phase in determining 
the quality of a combination, as emphasized by Konig.* 

The optical projection of simple vibratory motion is quite 
familiar. Tyndall,t Blasernat and others, have described a 
method of projecting the curves representing beats; but their 
method is that of giving rapid motion to the tuning fork from 
which the second reflection of light occurs. With so small a 
mirror, fixed upon a heavy fork, great skill is needed to ensure 
success, and at best the exhibition is only momentary ; or, if 
continuous, it is by giving angular motion in successively 
opposite directions, and hence with variable velocity, around a 
point on the mirror. Thus no two successive sinusoids can 

* Konig, Acoustique, pp. 222-243, Paris, 1882. 


Tyndall, Sound, pp. 366-369, Appleton, 1877. 
Blaserna, Sound and Music, pp. 150-152, Appleton, 1876. 
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have the same length. By keeping both forks fixed, and util- 
izing the revolving mirror, which may be regulated by clock- 
work if necessary, any desired constant rate of horizontal mo- 
tion on the screen is secured. Either or both forks may be 
made to vibrate with constant amplitude by means of a well 
known electro-magnetic attachment. 

Brooklyn, Jan. 31, 1885. 


Art. XXXII.— Measurement of Strong Electrical Currents; by 
JOHN 'TROWBRIDGE. 


In 1871 I described in this Journal a new form of galva- 
nometer which I called the Cosine galvanometer. Six or seven 
years after the appearance of my paper, with a large wood cut 
of my instrument, the same instrument was re-invented in Eng- 
land by Mr. Obach, and the instrument now goes by the name 
of the Obach galvanometer in England, and is manufactured 
by the Messrs. Siemens, for the measurement of strong electrical 
currents. 

In the prosecution of an investigation upon dynamo electric 
machines I abandoned the cosine galvanometer in favor of a 
dynamometer which I invented, and a full description of which 
will be found in the proceedings of the American Academy 
of Arts and Sciences, and also in the London Philosophical 
Magazine. It seemed to me then, and I have had no reason to 
change my belief, that a dynamometer is the most suitable 
instrument for measuring strong currents. I have lately, how- 
ever, employed the cosine galvanometer for this purpose in the 
following manner: The galvanometer is mounted so that its 
compass is at the center of a large circle of wire, the plane 
of which is vertical and is in the magnetic meridian or in: the 
plane of the needle of the compass, whatever that is. When 
the current from a dynamo machine is passed through the large 
vertical coil, which may consist of a single wire, the arrange- 
ment answers as a tangent galvanometer. I then connect the 
movable coil of the cosine galvanometer with a Daniell cell 
of known electro-motive force, place in the same circuit a 
resistance so large that the battery resistance can be neglected, 
and having joined the poles in such a manner that the deflec- 
tion produced by the coil of the cosine galvanometer shall be 
opposite to that produced by the current from the dynamo 
machine in the large outer coil, I incline the coil of the cosine 
galvanometer until the compass needle is brought again to zero. 

We then have, if we represent by F and EF’ the force pro- 
duced at the center of the coils by the current from the dynamo 
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machine and by the Daniell cell, S and S’, the respective 
currents; 7 and 7’, the radii; n and n’, the number of coils in 
the two galvanometers, and H the horizontal force of magnetism : 


27nSH 27n'S'H S'n'r 
F=——— = P’ = ——— cos a or S= cosa 
r 


The strength of the current from the dynamo is thus simply 
obtained in terms of the current from the standard Daniell cell, 
and the method is independent of the strength of the earth’s 
magnetism, or of the special field in which the instruments 
may be placed. The diameter of the outer coil can be dimin- 
ished by employing Professor Brackett’s method of passing the 
current through one coil in one direction and through an inside 
coil in another. In an experimental trial I employed simply a 
scaffolding of wood, upon which a single turn of wire was fixed 
as a vertical circle. 

Jefferson Physical Laboratory. 


Art. XXXIII.—Divisibility of the Archean in the Northwest ; 
by R. D. IRvING. 


[Extract from Address as retiring President of the Wisconsin Academy of Sciences 
December 30th, 1884.]} 


I WILL next ask you to follow me in a rapid description of 
the occurrences to be met with in the Penokee-Gogebic iron 
region of Lake Superior.* This is a belt of country some 
sixty miles in length, stretching from Lake Numakagon in 
north Wisconsin to Lake Gogebic in north Michigan. The 
course of the belt is in general north of east. Its position and 
those of the various rock belts of the region are indicated on 
the accompanying sketch-map (p. 240).+ 


*The facts upon which the arguments and conclusions of this paper are based 

are in part given in vol. iii of the Geology of Wisconsin, which includes an 
account of the work done in the Penokee District of Wisconsin by Professor 
Chamberlin, Mr. C. E. Wright and myself. Since that time further investigations 
in this region have been begun in connection with the U. S. Geological Survey by 
my assistant, Professor C. R. Van Hise, who has extended the work of the Wis- 
consin Survey into Michigan as far as Lake Gogebic. In working over his results 
we have taken occasion to revise in some measure the Wisconsin Survey work, 
the collections of that survey being at our command. After having re-examined 
some of the more important and difficult points in the field during the coming 
season, it is our hope to prepare together a general account of this very interesting 
region. By special permission of the Director of the U. S. Geological Survey, I 
am able to make use of knowledge gained in our work in this region for the 
present paper. 
_ +The map which was used in connection with the address, and from which this 
is reduced, was drawn on a scale of two inches to the mile. In reducing so very 
greatly it is difficult to illustrate ail of the points spoken of. The map is designed 
only to represent the distribution of the formations in a general way. 
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In the southern part of the area mapped, we find ourselves 
in the northernmost portion of a great area of gneiss and granite, 
associated with which in large proportion are highly foliated 
and crystalline hornblendic and chloritic schists, with some 
mica-schists. In some of these schists distinct evidences are 
here and there met with of their fragmental origin. These 
schists and gneisses are arranged more or less distinctly in belt 
form, but the granite with them occurs in great irregular areas, 
which at their junction with the more regularly bedded rocks 
are inextricably interwoven with them. Greenstones of various 
kinds also occur in intrusive form. The whole series is highly 
crumpled, and, if the schists and gneiss are in any measure the 
result of the metamorphism of sediments, as they certainly 
appear in part to be—witness the occurrence in the schists of 
unquestionable fragmental material—then the metamorphosing 
process has been carried very far. The northern edge of this 
gneissic and schistose formation is not formed of any one of the 
rocks which go to make it up, but is seen to be made here of 
granite, there of gneiss, again of schist, and again of some form 
of basic eruptive, the foliation planes of the gneiss and schists 
commonly making a greater or less angle with the bounding line. 

Passing now beyond this northern limit of the gneiss-granite- 
schist area—which stretches all the way southward to Central 
Wisconsin—we find ourselves on a belt of slate which averages 
some 500 feet in width. This belt may be traced continuously 
from the vicinity of Lake Gogebic to that of Lake Numakagon 
in Wisconsin. It includes many varieties, which range from 
vitreous quartzite to quite fine-grained clay-slate ; but all are 
plainly fragmental, and do not present evidences of any consid- 
erable alteration. The quartzites are always merely indurated 
sandstones, and often the induration is feeble, and the rock 
little more than a friable sandstone. Except when we .reach 
the immediate vicinity of Lake Gogebic, where a change in 
structure comes about which we cannot now discuss, the layers 
of this sandstone belt dip always to the northward, usually 
at rather high angles. Following this belt on the north, we 
find a regular succession of belts of quartzite, graywacke, 
black slate, iron-bearing cherty rocks of various kinds, and 
mica-schist or mica-bearing quartzite; all of which rocks 
continue to dip to the north. Certain interbedded and inter- 
secting masses, plainly of eruptive origin, occur, but, with the 
exception of these, and of certain belts believed to be in part 
of direct chemical origin, the whole succession is made up of 
layers which contain but little original crystalline material and 
to which the term “ metamorphic,” in the sense of more or less 
thorough recrystallization from the sedimentary condition, is 


hardly applicable. 
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Next north again of this succession of layers, we find, follow- 
ing them, in what appears at first sight to be a conformable 
manner, the alternating sandstones and eruptives of the Ke- 
weenaw series. A closer inspection, however, shows that this 
apparent conformity is apparent only, consisting merely in an 
approximate general parallelism of the layers, which does not 
indicate that the one set of rocks has been succeeded by the 
other without interval of time; for, as we follow the junction 
line of the two terranes eastward or westward, we find the over- 
lying formation in contact, now with the highest layers of the 
under one, again with its middle layers, and again with mem- 
bers near its base. Evidently such a relation can find only one 
explanation; the lower formation has been raised above the sea 
and subjected to a long continued erosion before the deposition 
upon it of the higher one. The accompanying diagram will 
make this relation and explanation so obvious that further 
description will be unnecessary. 

The same diagram will also certainly suggest at a glance 
that this upper unconformity is not the only one in the region. 
The very striking manner in which the southern limit of the 
regularly arranged succession of belts of the slaty formation is 
formed, to the southward, now by granite, again by gneiss, and 
again by some sort of schistose rock, certainly suggests a 
great break at this horizon. If the gneisses, granites, etc., to 
the south of this limit, after being smoothed down by atmos- 
pherie agencies had then formed the sea-bottom upon which 
the slaty series was piled up by the ordinary processes of sedi- 
mentation, the relations would be precisely such as we have here. 

To the argument, which has been and doubtless again will 
be presented as bearing against this conclusion—that the more 
southerly rocks are, or may be, of eruptive origin, and there- 
fore are naturally irregular in distribution, so that those to the 
north necessarily come in contact with different kinds in 
different places—I would say that, accepting for the moment, 
and for the sake of the argument, the eruptive origin for them, 
it is to be observed that these same southerly rocks certainly 
have not been extravasated subsequently to the deposition of 
the succession of slaty beds. Had they been so, it is inconceiv- 
able that a series of eruptions different as to materials and 
times of extravasation should all have stopped so nearly on 
one geological horizon. Some of them would, on the contrary, 
quite surely have deeply invaded the slates. But of such an 
invasion no sign whatever is to be seen, either in the general 
geographical arrangement of the different kinds of rock, or of 
the structural details observed at the contacts. Moreover— 
and this argument, it seems to me, there is no evading—the 
slates contain abundant fragments derived from the more 
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southerly granites, gneisses and schists, so that, if eruptive, 
these southern rocks were extravasated prior to the deposition 
of the oldest members of the slaty series, and thus formed the 
basement upon which the latter was accumulated. But—the 
opposing argument would be—granting all this, there is yet 
no proof advanced of a great break, inasmuch as, even at the 
present time, eruptives of modern origin are having geologically 
contemporaneous sediments piled against them. The mere 
superposition of sediment upon an eruptive is no proof of a 
geological hiatus between the two. In answer to this argu- 
ment it is to be said that the case we are considering finds no 
parallel among such modern occurrences. The gneisses, schists, 
granites, etc., forming our supposed eruptives, are, if eruptive, 
manifestly not to be compared with the lavas of modern times. 
On the contrary, their completely crystalline character and 
general structure would force us to believe that they solidified 
far within the depths of the earth, and that, therefore, before 
they formed the bottom of the sea within which the slaty beds 
were accumulated, they must have been subjected to an enor- 
mous atmospheric erosion; and that, consequently, we do have 
evidence here of the existence of a genuine geological break, 
even on the view that the more southerly rocks are all eruptives. 
But an eruptive origin for all of these rocks, thus admitted 
for the moment, and for the sake of the argument, I can by no 
means accept. The granites I do consider as of eruptive 
origin. That they are so is rendered manifest, as it seems to 
me, by the way in which they intersect the associated schists at 
their contacts with them. Such intersections, as already noted, 
are never found at the contacts of the southern granite with 
the overlying slates. It remains to be proved, however, that 
any of the gneisses and schists we are here dealing with are of 
eruptive origin. Some of the schists most manifestly are not 
so; for, while mainly made up of original crystalline material, 
they yet contain at times matter quite evidently of fragmental 
origin, as may be seen both microscopically and on the larger 
scale. Now, if these gneisses and schists are of sedimentary 
origin, then they certainly passed through processes of disloca- 
tion, alteration and erosion before the deposition upon them of 
the earliest member of the overlying series. 

So far, however, I have considered only the general relations 
of the two sets of rocks. Other arguments, in favor of the 
existence here of a great unconformity, can be drawn from 
certain minor, yet very important phenomena to be observed at 
the contacts of the two formations. In the first place, at 
several of the points where actual contacts, or close approxi- 
mations of exposures of the two formations are to be observed, 
there is a marked discordance in strike and dip between the 
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lamination directions of the older schists and newer slates, 
while at others of these points these directions are more nearly 
in parallelism. In the newer or slaty series, the lamination, 
being manifestly the result of sedimentary deposition, conforms 
always to the general courses of the slaty belts, and, since these 
courses vary considerably, as indicated on the accompanying 
chart, the lamination directions vary also. Such a relation of 
lamination planes as this—discordance at some points, accord- 
ance at others—is precisely what should be expected along an 
unconformable contact line, and could occur under no other 
circumstances; the underlying rocks being, in part at least, 
certainly of sedimentary origin. It is no argument against 
this view, to maintain that the lamination of the older set of 
rocks is in this case what is known to geologists as foliation, 
and not the result of sedimentation. I have little doubt that 
it is often foliation, i.e. a structure in some way due to the 
intense squeezing which these older schists have undergone, 
and one which very possibly often occupies a position quite 
oblique to the original bedding directions. Manifestly, how- 
ever, this foliation must have been produced before the deposi- 
tion of the first of the overlying slaty rocks, for otherwise the 
latter must have been affected also by a foliation similar in 
character and direction. But there is no true foliation about 
them, and what there is occasionally approaching it is always 
manifestly parallel to the bedding planes, and thus commonly 
discordant with that of the schists below. The occurrence of 
foliation on one side of a contact line, and its absence on the 
other, where this contact is one between two great and dissim- 
ilar sets of rocks, is in itself strongly suggestive of the exist- 
ence here of a great unconformity. Moreover, two points, at 
least, have been observed on this contact line, where this dis- 
cordance in the directions of the lamination of the older and 
newer rocks is to be made out, not merely from closely approx- 
imated exposures of the two formations but from actual visible 
contacts. Descriptions of both of these localities have already 
been published.* The contacts are certainly not those of 
eruptives with previously formed sediments; on the contrary, 
they are exactly what they should be, had the lower schists 
formed an irreguiar bottom upon which the newer slates were 
deposited. 

Still another thing going to show the complete distinctness 
between the two sets of rocks we are considering is the plenti- 
ful occurrence, in certain layers of the higher series, of frag- 
ments derived from the lower one. These fragments occur at 
times a third of the way up in the newer series. They are 


* Geol. of Wis., vol. iii, pp. 98, 116, 117. Also Annual Report of Geol. Survey 
of Wisconsin for 1877, p. 26. 
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also to be seen, however, at its base, on the contact line. 
There are places, as has recently been ascertained by Professor 
C. R. Van Hise, of the U.S. Geological Survey, where one 
may pass within a few steps from ledges of gneiss of the older 
formation to others of the Caan member of the newer, the slate 
being crowded with fragments derived from the gneiss. Even 
the matrix portion of the rock is composed of gneissic detritus, 
while a few paces farther away from the gneiss it has graded 
into an ordinary quartzite, i.e. is merely an indurated sand- 
stone. As is, of course, well known to every geologist, the 
mere occurrence of fragments of a lower rock within the mass 
of a higher one does not always prove a great time gap between 
the two rocks, but merely the relative ages of the two; for any 
rock which reaches the solidified state rapidly may yield of its 
material to overlying sediments as soon as beaten upon by the 
waves of the sea. Thus lavas, and certain forms of chemical 
deposits, have furnished fragments often to geologically con- 
temporaneous beds. The present case, however, finds no par- 
allel in such occurrences, for here, even if admitted for the 
sake of argument to be eruptive, the rock which has furnished 
the fragments has quite certainly never solidified at the sur- 
face, but has had removed from it before it could be broken 
by the waves of the sea an immense thickness of rock material. 
Moreover, it is not only the gneisses that have furnished frag- 
ments to the overlying series. Fragments of the schists accom- 
panying them are also frequently met with in the slates of the 
upper series. ' 

It may be said, in passing, that these “recomposed” rocks, 
which occur in these slates, close to the sources of the detrital 
material of which they are made, have quite striking parallels 
among the Triassic sandstones of the Connecticut Valley. 
These sandstones lie in a trough of granite, gneiss, mica schist, 
etc. They are described as nearly always highly feldspathic, 
and little sorted. At certain points the sorting process has 
been so entirely omitted that the indurated detritus is, macro- 
scopically, difficult to distinguish from the parent rock. Pro- 
fessor J. D. Dana, to whom I am indebted for first calling my 
attention to these recomposed Triassic rocks, has kindly fur- 
nished me with specimens of the sandstones and of the crystal- 
line rocks from which they are derived. We have made and 
studied thin sections of these sandstones and have compared 
them with a number of the recomposed rocks from various 
points in the Lake Superior Archean region, and have found 
them to be of precisely the same nature and origin. 

Attention should next be invited to certain occurrences indi- 
cated on the accompanying diagram,* which have been ap- 


* Difficult to show on the small scale of the reduced figure printed herewith. 
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pealed to as indicating the formation by eruptive agencies of 
the more southerly rocks subsequently to the formation of the 
entire series of higher ones. We have already seen that these 
southern rocks, if eruptive, must quite certainly have been 
formed prior to the more northerly series, the occurrence of 
detritus from them in the latter alone being sufficient to render 
this certain. But even were this not manifestly so, the occur- 
rences of which I am about to speak, as I think, furnish no 
arguments to the contrary. The accompanying outline map 
shows that while the base of the slate series is usually made 
up of the slate member to which reference has repeatedly been 
made, there yet, at tines, comes between it and the lower rocks 
a thin layer of limestone. Upon this occurrence the argument 
has been based that, since the lower rocks come into contact 
with different members of the higher series, they are of neces- 
sity subsequent eruptives. Now in the first place, there is 
good reason to believe that the limestone here concerned is a 
mere local phase of the slate member itself; and, in the second, 
even if it be a distinct member of the series, then its occurrence 
at some points and absence at others is precisely what should 
be expected, if we are here dealing with an unconformable con- 
tact ; for the surface of the lower rocks would of course have 
some corrugation, in the depressions of which the lower 
layers of the slate series would accumulate, while the eleva- 
tions would remain uncovered. Indeed, as any one glancing 
at the accompanying map must admit, the line of contact here 
is singularly free from such irregularities as might on this view 
reasonably be expected to occur. 

Summarizing, then, I find proof of the existence of a great 
unconformity between the two formations we have been fol- 
lowing :— 

1. In the manner in which the regularly succeeding belts of 
the higher series traverse the courses of those of the lower. 

2. In the strong contrast between the two series as to rock 
kinds, the bedded members of the lower series having arrived 
at a nearly complete recrystallization, while those of the higher 
are but little altered. 

3. In the highly folded and contorted condition of the lower 
series, as contrasted with the unfolded condition and simple 
stratigraphy of the higher. 

4. In the striking contrast between the contacts of the gran- 
ite with the lower schists and with the higher slates, the for- 
mer being invaded by it in an intricate manner, the latter never, 
when the two come together ;* 


* Granite in veins and intersecting masses occurs among the upper mica schists 
of the Penokee series (see map) but this always of a different character from the 
granite at the southern contact which has, as yet, never been found to intersect 
the slates. 
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5. In the discordant laminations of the two sets of rocks 
when seen in contact or close proximity. 

6. In the occurrence in the upper series, not only at horizons 
above the base, but also at points on the contact line, of abund- 
ant detrital material ieaeek from the lower series. 

The succession of formations in this region is, then, as I see 
the matter, as follows, beginning with the southernmost or old- 
est: (1) gneiss-granite-green-schist formation; great unconform- 
ity ; (2) tron-bearing slate formation; unconformity; Keweenaw 
series. 


Turning next our attention to the Marquette Region of 
Michigan, we note at once, that, while the slaty iron-bearing 
formation here displayed is manifestly and by common consent 
the same as that of the Penokee-Gogebic region just described, 
in one point it presents with the latter a marked contrast. I 
refer to its highly folded condition. Ina general way, it may 
be said that the rocks of this region lie in a trough or troughs 
whose sides are formed of granitic and gneissic material. 
Within the troughs the slaty rocks are strongly crumpled. 
With regard to their stratigraphical arrangement somewhat 
discordant views have been held, the crumpling having made 
correct determination in this respect often difficult. There can, 
however, as it seems to me, be no question that Dr. C. Rom- 
inger, whose personal acquaintance with the Marquette region is 
more extensive than that of any other geologist, is correct in 
regarding certain greenish schists, which frequently intervene 
between the iron-bearing slates and the granite and gneiss, as 
the basement upon which the rest of the slaty series was spread. 
These greenish, generally hornblendic schists, are Rominger’s 
“ Dioritic Group,” and, if of sedimentary origin, as they seem 
in some measure undoubtedly to be, they are now in a highly 
metamorphosed condition, being in the main made up of 
original crystalline material. Where these greenish schists 
come into contact with the bounding granite, the latter pene- 
trates them in the most intricate manner, so that one cannot 
resist the conclusion that it is the more recently formed rock. 
From this unmistakable relation, regarding his Dioritic Group 
as the lowest member of the slaty or iron-bearing series, Dr. 
Rominger naturally passes to the conclusion that the gran- 
ites are, in large measure, subsequent to this entire series, 
whose present crumpled and trough-like arrangement he con- 
nects with the subsequent protrusion of the granite masses on 
either side. To me, however, it seems plain that, in the green- 
ish schists at the base of the Marquette iron-bearing series we 
have the equivalents of those just described as occurring south 
of the Penokee-Gogebic iron-bearing series, like which they 
form, as I conceive, part, not of the higher, but of the lower 
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formation. On this view, the structure of the Marquette 
region becomes plain. The slate series above the greenish 
schists, in the raain composed of relatively little altered rocks, 
was originally built up upon a basement composed of granite, 
gneiss, and these greenish schists themselves, and subsequently 
was pushed into trough-like forms by lateral. pressure. Denu- 
dation then brought matters to their present condition. 

To support this view we have many of the same arguments 
as advanced in the case of the Penokee region. Discordance 
of lamination, on account of the highly crumpled condition of 
the whole succession, and of the common lateral pressure to 
which both basement rocks and overlying slates have been 
subjected, is here naturally not to be readily made out. But 
the other arguments, viz: the penetration of the greenish 
schists by the granites where the two come into contact, as 
contrasted with the entire absence of any such relation, where 
the bounding granite forms contacts, as it does at a number of 
places, with the slates and quartzites above the greenish schist 
group; the occurrence in the lower series of only highly 
altered sediments, gneiss and granite, while the higher rocks 
are relatively little altered ; the occurrence in the higher series 
of fragments from the lower, ‘ re-composed” rocks, occurring 
at points where the quartzites of the upper series come into 
contact with the gneisses of the lower—all of these arguments 
hold here as well as in the Penokee region. Here then again 
it seems to me plain that we have to deal with a lower or 
greenish-schist, gneiss-granite member, and a higher, unconform- 
ably overlying, slaty, iron-bearing member. 

Thus it appears that in two portions of the Lake Superior 
Region we have a distinct separation of the Archzan into two 
members. Were the time at our disposal, and could it be 
done without wearying you, I could, I think, present similar 
arguments in favor of the existence of two similar divisions at 
various other points in the Lake Superior Archean Region. 


There is, indeed, one way in which we can avoid the conclu- 
sion which, as it seems to me, has thus been forced upon us, 
viz: that the Archean of this region is divisible into at least 
two wholly separate members. This is by throwing the newer 
of the two divisions into the Cambrian and calling only the 
lower one of the two Archewan.* By so doing, however, we 


* This is essentially what N. H. Winchell would do in referring all of the 
western Huronian rocks to the Taconic of Emmons (Amer. Naturalist, October, 
1884, pp. 984-1000). With the Taconic system, and, indeed, with the whole 
“Taconic question ” I have little acquaintance, but I cannot feel any great confi- 
dence in the parallelization of formations so distant from one another as the 
western Huronian and the “Taconic,” on exclusively lithological evidence. 
However this may be, there is, in Professor Winchell’s general arrangement of 
the crystalline rocks of the northwest, much with which I can cordially agree. 
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should extend the term Cambrian from the fossiliferous Pots- 
dam downward over two great unconformities and two enor- 
mously thick and entirely unfossiliferous sets of rocks. If any 
good reason can be advanced for so greatly extending the term 
Cambrian—or for using any other term or terms of equal taxo- 
nomic value with Cambrian, to cover the space between the 
Potsdam sandstone and the base of the iron-bearing slates— 
then, with my present knowledge of these formations, I am as 
strong an advocate as any of the indivisibility of the Archzean. 
Not that I would maintain the certain absence of unconformities 
among the rocks to which the term Archzan would thus be 
restricted. I would merely bold that we have as yet no evi- 
dence upon which to base any separation. However this may 
be, it is to be noted that the upper one of the two members into 
which I have maintained that the Archean of this region can 
be divided has always played the part of typical Archean in 
the writings of the various geologists who have described the 
region, and this not only with those who have maintained the 
divisibility of the Archzan but also, and very prominently, 
with those who have maintained its indivisibility. To me it 
seems very improbable that this generally accepted reference 
of the iron-bearing series to the Archzan can ever be proved 
erroneous in any other save one way, viz: by the discovery 
in them of fossils. This is, of course, a discovery that may be 
made at any time. The rocks are, in the main, less altered 
than many of later date carrying fossil remains. Until this 
discovery is made, however, we must, I think, continue to call 
them Archean. 


The question next arises as to the names we shall use for 
these two divisions of the Lake Superior Archean. 
It is now many years since Sir William Logan, after an ex- 


Still, there are certain points in it with regard to which I feel confident that he is 
mistaken. The most important of these points, in the present connection, is the 
reference of the original Huronian of Canada to the quartzite and marble series 
which forms so prominent a feature at the base of the iron-bearing rocks of the 
Marquette, Menomonee and Penokee districts. In doing this we parallelize a 
series of enormous thickness (15,000 to 18,000 feet), with one only a few hun- 
dred feet in thickness, there being, at the same time, every reason to believe that 
the two formations are actuaily continuous. Moreover, although Logan’s gener- 
alized descriptions do not necessarily convey the idea, a study of the ground 
shows that the black slates and cherty ferruginous rocks, characteristic of Win- 
chell’s Groups III and IV, occur in the original Huronian; while there is on the 
north shore of Lake Huron a mica schist or micaceous quartzyte which has 
always been mapped by the Canadians as Huronian and which may represent 
the mica-schist ef Winchell’s Group II. But I have never designed, in parallel- 
izing the original Huronian with that of the Marquette and Penokee regions, to 
indicate my belief that it covers exactly the same range as they. If it is equiva- 
lent to any part of, or to more than all of, the Marquette and Penokee iron-bear- 
ing series, inasmuch as in these series there is no evidence whatever of any 
discordances or separations, we are justified in speaking of the two latter series 
as Huronian. ; 
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perience in these regions which has yet been equalled by no 
living geologist, separated the Archzan or Azoic formations of 
Western Canada into a lower gneissic member and a higher 
quartzitic slate member, which he called respectively by the 
now well known names of Laurentian and Huronian. For the 
latter formation he took as his type the series of rocks which is 
displayed along the north shore of Lake Huron, between the 
St. Mary’s and Thessalon rivers. Having examined this for- 
mation somewhat thoroughly, I have no hesitation in saying 
that in it we find the equivalent of the iron-bearing slates of 
the Marquette and Penokee regions, in which opinion I merely 
follow a succession of geologists. Like the latter formations it 
is in the main composed of quartzite and slate, with various 
cherty and limestone beds, and with many included eruptives, 
and like them also it is distinctly a feebly altered series. 
Where its basal quartzite member comes into contact with the 
underlying gneiss, which forms the north shore of Lake Huron 
for a number of miles east from Thessalon River, and which 
has been mapped by Logan as Laurentian, a most beautiful 
basal conglomerate is to be seen. The quartzite, here little 
more than a feebly indurated sandstone, becomes thickly 
crowded with masses of granite, gneiss and schist, the quartz 
sand of which the rock is usually composed giving place, also, 
in large measure, to an unassorted detritus plainly derived 
from the adjacent gneiss. 

Sir William Logan’s able successor in charge of the Geolog- 
ical Survey of Canada, Dr. A. R. C. Selwyn, has recently said 
that Logan nowhere asserts an unconformity between his Lau- 
rentian and Huronian, and, indeed, that he could not have be- 
lieved in such an unconformity. To me, however, it seems 
= that Dr. Selwyn must be mistaken as to this. That Logan 

elieved in such an unconformity seems evident to me from his 
sections of the region north of Lake Huron in the atlas (Geo- 
logical Sections, Plate I) to the Geology of Canada (1863), 
and in his descriptions given in that volume, although he does 
not make the statement in so many words. In speaking, for 
instance, of the contact of the Huronian with the gneiss on Lake 
Temiscamang, he describes it as filled with fragments from the 
gneiss. Now, manifestly, such an occurrence, on Logan’s 
plainly expressed view as to the sedimentary origin of gneiss, 
can only be explained by a great time-gap between the two 
formations. 

It is, of course, well enough known to any geologist, who 
has worked with these older formations to any extent, that the 
terms Laurentian and Huronian have been greatly abused, hav- 
ing been applied often on the very feeblest of lithological evi- 
dence. . It is also manifest to any one with such experience 
that where the two series are infolded, as in the Marquette re- 
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gion, and again on the north side of Lake Superior, there must 
often arise great difficulty in separating the newer slates from 
the older schists. Such considerations do not, however, seem 
to me to take away anything from the arguments I have ad- 
vanced in favor of the existence of a separation, for the region 
from Lake Huron to southeastern Dakota, of the Archean for- 
mations into two distinct members. 


As I now see the matter, then, all arguments recently pre- 
sented to the contrary notwithstanding, I certainly believe in a 
division of the Archean, for the region in question, into two 
discordant members, to which for the present at least we 
should continue to give the classical names of Huronian and 
Laurentian. 


Art. XXXIV.—WMineralogical Notes; by W. E. HippEn. 


Phenacite, a new locality.—To Mr. J. G. Hiestand of Manitou 
Springs, Colorado, I am indebted for a few specimens of 
quartz, topaz and amazonstone (microcline), on which I have 
found implanted, colorless crystals of phenacite in considerable 
numbers. These specimens were discovered last summer at 
Florissant, E] Paso County, Colorado, about thirty miles (by 
the road) from the locality previously announced by Messrs. 
Cross and Hillebrand in this Journal. The phenacites are 
well polished and transparent, and are commonly highly 
modified. They vary in size from one to five mm., are 
invariably lenticular in shape, with little or no prismatic 
development and are implanted usually edgewise. A deter- 
mination of the specific gravity yielded 2°954, which is rather 
low considering the perfection of the crystals. Three different 
rhombohedrons, two scalenohedrons and three prisms were 
observed but their angles could not be determined with exact- 
ness with the means at hand. Later I shall endeavor to figure 
them and describe them more accurately. 

They had been considered minute topazes up to the time 
they were brought to my notice; their rhombohedral aspect 
decided me, however, to make the determination above given. 
With these phenacites were found several hundred crystals 
of topazes, many of them, large and small, still attached to 
the matrix and perfect in form. 

Xenotime, a new locality.—From the same source as the 
phenacite and topaz above noted I have received, along with 
some bastnesite, a single tetragonal crystal of 5:1 grams weight. 
I am informed that it was found with bastnzsite and at the 
same locality where the tysonite and bastnesite were originally 
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found, near Pike’s Peak, Colorado. A fragment tested qualita- 
tively showed the presence of phosphoric acid, iron, lime and 
one of the rare earths, probably yttria. Its sp. grav. was 4°48, 
but after soaking two days in water increased to 492. It was 
porous (through decomposition?). The planes 1, J, O were 
largely developed, O having been unknown heretofore. An- 
gles=1, J=129°, 1, O=140°—141°, 1A1 ov. O=102°,1A1 
ov. J[=78°—80°. 

The crystal was over one centimeter square, of a chocolate 
brown color and like wiluite in type of form. Implanted upon 
it were small crystals of similar character. There can be no 
doubt of its identity with xenotime. The prismatic (J) cleav- 
age was not observed for the reason of superficial alteration. 

Fayalite (?), from Colorado.—Also from the same source and 
same region as the phenacite, I have received large masses, 
uncrystallized, of a mineral which may prove to be fayalite. 
The sp. grav. is 4:35, the color dark brownish-black. Slight 
evidence of cleavage in two directions. It contains silica and 
iron and traces of manganese and lime. It is fusible and 
gelatinizes with acids. 

These characters agree pretty closely with fayalite, though 
the density is somewhat high. It was found in quartz and 
granite in “ vugs,” on Cheyenne Mountain, Colorado; masses of 
many pounds weight occur at one of the localities. 

Zircon, a new plane.—I have lately observed on a crystal of 
zircon from Burgess, Canada, a very low pyramid which after 
measuring gave the following results with hand goniometer : 

on J=106° to 107°, over O=146°, over J=34°, 

all of which angles closely correspond with the required angles 
for the plane 4. The plane 4 has not before been observed 
to my best knowledge. In addition to the above obtuse pyra- 
mid, which was largely developed and smoothly polished, the 
planes 3, 1, O, J, 3-3 and two other zirconoids, were observed, 
the last two, however, were too rounded for exact determination. 
This particular crystal was an unusually fine one and weighed 
nearly 4 grams. 

Rutile—The old locality in Alexander County, N. C., at 
Johnson’s Mill (now Crouch’s) was lately re-opened by Mr. W. 
H. Lackey and yielded some very fine prisms of rutile of re- 
markable brilliancy and polish. Some of the crystals were 1 
em. thick, and 8 em. long and perfectly terminated with 
many bright planes. Held up to the light the crystals had the 
color of pyrargyrite. The fracture was bright conchoidal. 
The planes 1, 1-2, 1-3, 3-3, J, 7-3 and ¢7¢ were observed and 
measured with hand goniometer. 

Emeralds and Hiddenite, a new occurrence-—In October last 
Mr. W. H. Lackey of Stony Point, N. C., discovered a new 
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pocket of emeralds, hiddenite, quartz, ete, on the Osborn 
Lackey land in Alexander County, N. C. This new discovery 
is distant about one-fifth of a mile northwest from the mine -of 
the Emerald and Hiddenite Mining Company, and joins the 
land formerly known as the Lyon’s property. About fifty 
crystals of emerald, 2 cm. to 7 cm. long and from 2 mm. to 
8 mm. in diameter, were found. They were all transparent 
but of pale color and but one of the crystals was large and pure 
enough to be cut into gems, The Hiddenites found were very 
inferior and of very pale color. The curious rough edges and 
pseudo-horizontal striations were noticed on nearly all of the 
crystals of emerald, these markings being peculiar to the beryls 
of the region. Only the planes J, 7-2 and O were found. 
The particular interest attached to this occurrence is the fact of 
the locality being somewhat distant from the old one and for 
this reason it is encouragement for future work. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuHysiIcs. 


1. On the influence of Temperature on Spectrum measurements. 
—The connection between refractive power and density has been 
known from the time of Newton, who gave a formula expressing 
the relation. Gladstone and Dale, Jamin, Schrauf, Landolt and 
others have shown that in liquids the refractive power increases 
with density and therefore with diminution of temperature. Rud- 
berg examined solids and found aragonite and quartz to follow 
the same law; but he showed that the refractive power of glass 
increases with rise of temperature; a fact also observed by Arago 
and Neuman previously. Kriss has now measured three prisms 
at various temperatures in order to ascertain the amount of this 
change and to determine its importance in ordinary spectrum 
measurements. The measurements were made by means of a 
micrometer which moved the observing telescope, in connection 
with an eye piece micrometer contained in the latter. The ap- 
paratus was placed in a room in which constant temperature could 
be maintained. About one and a half hours were requisite to 
bring the apparatus to any required temperature, but two hours 
were always allowed before making any measurements. Indeed it 
was easy to see by the lines whether the instrument was under- 
going change of temperature, since they in that case would shift 
position. The results are given in the following tables, in which 
the readings of several Fraunhofer lines are given in divisions of 
the micrometer : 
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1, Guass Prism or 60°. 


D. E. b. 


2723°2 2942°6 2979°4 
27278 2948°5 2983°9 


2. QUARTZ PRISM OF 60°. 


313°5 397°5 
311°7 396°5 


3. TRIPLE RUTHERFURD PRISM. 


14° C. 1436.2 1804°9 1866°4 
16° C. 1437°2 18065 1867°7 
20° C. , 1438°4 1807°3 1868°5 
30° C. 1442°0 1811°0 1872°2 


From this it appears that this shifting of the spectrum lines by 
change of temperature is considerable enough to be important, a 
rise of 25° changing the position of the lines as follows: 


C. D. E. b. F. 
Glass prism of 60°, + 7°50 + 9°83 + 9°33 
Quartz prismof 60°, —4:10 —2°27 —6'36 —4:32 
Rutherfurd prism, + 8°28 +9°53 +9°06 +13°75 


All spectrum lines, then, shift by rise of temperature; in glass 
prisms toward the violet; in quartz prisms toward the red. 
Moreover this shifting increases with the refrangibility of the 
region examined. The importance of this change appears more 
distinctly by a comparison of the micrometer readings with the 
wave-lengths in millionths of a millimeter, given at two tempera- 
tures the Rutherfurd prism being used. 

C. D. F, 

Micrometer readings, 1169°4 1432°9 18631 2144°8 

Wave-length at 5°, 656'8 589°7 527° 5177 486°5 

Wave-length at 30°, 658°9 592°0 529° 519°2 488'0 


A change of temperature of about 5° suffices therefore to alter 
the measurement of wave-length by an amount equal to the dis- 
tance between the D lines.— Ber. Berl. Chem. Ges., xvii, 2732, 
Dec. 1884. G. F. B 

2. Ona New Method of determining Vapor-pressures.—Ramsay 
and Youne have devised a new form of apparatus for determin- 
ing vapor-pressures both of liquids and solids. The substance is 
placed in a test-tube having a lateral opening, the top being 
closed by a rubber stopper through which pass (1) a thermometer 
having its bulb covered with cotton, and (2) a glass tube connected 
with a bulb above and drawn out below to a point which is bent so 
as to touch the stem of the thermometer. By means of the lateral 
opening the tube may be put in communication with a reservoir 
connected with a Sprengel pump. A suitable jacket enables the 
tube to be heated to any required temperature. The reservoir is 
immersed in a cooling mixture. To make an experiment, the 
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apparatus is thoroughly exhausted, and by means of a spring clip, 
the liquid to be examined, which is contained in the bulb, is 
allowed to trickle down the thermometer and thoroughly moisten 
the cotton wool. The spring clip is then closed and the tube 
heated, the temperature and pressure being noted so soon as they 
become constant. A little air is then admitted and a second read- 
ing of pressure and temperature taken, care being observed to 
keep the cotton constantly moistened. ‘The process is continued 
until a sufficient number of observations have been taken. When 
a solid is to be submitted to experiments, the bulb of the ther- 
mometer is previously covered with it by dipping it repeatedly in 
the melted substance. The vesults of a determination of vapor- 
pressure are given in the case of acetic acid, the curve yielded by 
them when plotted being absolutely coincident with that obtained 
by the usual process when air and moisture are rigorously ex- 
cluded, the substance being perfectly pure.—J. Chem. Soc., xlvii, 
42, January, 1885. G. F. B. 

3. On the Non-formation of Periodic oxide (Iodine pentoxide) 
by direct synthesis.—Since the heat of formation of periodic oxide 
is positive, and is equal to 44,860 calories, according to Thomsen, 
we should expect that iodine and oxygen would unite directly to 
form this substance. Wexsare bas made a series of experiments 
to test this question experimentally. In the first, oxygen charged 
with iodine vapor was passed through a glass tube containing a 
plug of platinized asbestus 7 or 8 cm. long, and heated to a tem- 
perature of 200° in an air bath. After two hours, the tube was 
washed out with water and the solution examined; but no trace 
of the pentoxide was detected. In the others, the temperature 
was raised to 250°, 290° and finally to a dark red heat; but with 
asimilar result. By means of a Hofmann vapor density apparatus 
the mixture of oxygen and iodine was heated by aniline vapor to 
192°, in presence of four beads of platinum sponge. Finally the 
mixture was sealed up in glass tubes with six beads of platinum 
sponge and heated for 6 hours to temperatures of 200°, 250° and 
300°. But with no result, no pentoxide being detected as the 
product of the reaction. Since 1,0, decomposes at 300° it was 
not thought advisable to exceed this temperature.—Ber. Berl. 
Chem. Ges., xvii, 2896, Jan. 1883. G. F. B, 

4. On the Atomic Weight of Platinum.—Ha.Berstapr has 
repeated the experiment of Seubert to determine the atomic weight 
of platinum from the double chlorides of potassium and of ammon- 
ium respectively, and has extended the investigation to the corres- 
ponding bromides and to platinum tetrabromide. Two methods 
of analysis were employed. In the first the platinum was deter- 
mined by igniting the compound in a current of hydrogen and in 
the second by electrolytic precipitation. When potassium salts 
were used the results were checked by evaporating and weighing 
the solution of the residue. For the investigation 300 grams of 
platinum were used, purified by the Bunsen-Schneider method. 
The tetrabromide was obtained by heating platinum sponge with 

Amu. Jour. Sc1.—Tuirp Series, Vou. XXIX. No. 171.—Manrcu, 1885. 
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bromine and aqueous hydrogen bromide in sealed glass tubes, 
evaporating the solution and heating the residue to 180°. It isa 
dark brown non-hygroscopic powder, difficultly soluble in water, 
easily so in alcohol and ether. The double bromides of potassium 
and of ammonium were prepared by adding potassium or ammo- 
nium bromide either to an aqueous solution of hydrogen-platinum 
bromide or to one of platinum tetrabromide. Ammonium-plati- 
num bromide forms small crimson octahedrons difficultly soluble 
in water. The potassium solution is quite similar. The total 
number of determinations made was 97; 59 being by ignition 
and 28 by electrolysis. The mean result given by the former is 
194°54246 for the atomic weight of platinum; by the latter 
194°36073. The KCl and KBr determinations as checks gave in 
the former case 194°77061; in the latter 194°62987. Taking all 
the results the mean value obtained is 194°57592, the actual 
atomic weight of platinum.—Ber. Berl. Chem. Ges., xvii, 2962, 
Jan. 1885. G. F. B. 
5. On the Preparation of Chromium oxychloride (Chromyl 
chloride).—Motssan has observed that if chromium teroxide, free 
from sulphuric acid, be introduced into hydrogen chloride gas, 
this gas is at once absorbed and abundant red fumes are produced 
which condense into a liquid boiling at 108° and which are chromic 
dichlorhydrine. Heat accelerates the reaction. Hydrogen brom- 
ide and hydrogen iodide do not react under these circumstances. 
Chlorine if absolutely dry does not act on chromium teroxide; 
but in presence of moisture chromyl chloride is produced. ‘The 
chromates of the alkalies, of barium, lead and silver yield the 
chromium oxychloride with HCl gas.— Bull. Soc. Ch., I, xliii, 6, 
Jan. 1885. G. F. B. 
6. On certain new Paraffins.—Sorasst has prepared in the 
laboratory of Wislicenus, some of the higher members of the 
paraffin series hitherto unknown. The reaction employed was 
that of Wurtz, which consists in treating the iodide of an alcohol 
radical with sodium. For this purpose cetyl iodide dissolved in 
six times its weight of ether was placed in a flask furnished with 
a return condenser. Finely divided sodium was then added and 
in a short time it became covered with iodide aid the whole liquid 
was filled with glistening scales of dicetyl. After recrystallization 
from glacial acetic acid, they fused at 70° and distilled without 
decomposition at a much higher temperature. On treating heptyl 
iodide in the same way, diheptyl was obtained as a colorless 
mobile oil, boiling at 245° and solidifying at 6°. When a mix- 
ture of ethyl and of cetyl iodides was treated with sodium, ethyl- 
cetyl was obtained as a colorless oil, boiling at about 312°. 
Cetane was also prepared by the author, by reducing the iodide 
by concentrated hydrogen iodide solution in presence of phospho- 
rus, and by digesting the iodide with zinc and hydrogen chloride. 
It is an oil which boils at 278° and solidifies at 18°-20°.—J. Chem. 
Soc., xlvii, 37, Jan. 1885. G. F. B. 
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7. On some Derivatives of Urea.—Some time ago BrHREND 
described a body obtained from acetacetic ether and urea with 
the loss of a molecule of water. Upon saponification the sodium 
salt was produced; but this on the addition of an acid gave an 
acid poorer by one molecule of water. Strong nitric acid attacked 
it converting the methyl group into carboxyl and nitrating the 
rest, giving a strong dibasic acid. This splits up giving a nitro- 
body C,H,N,O,, which when reduced gives C,H,N,O,, a body 
differing from xanthin by H,O less and which gives the murexide 
reaction.— Ber. Berl. Chem. Ges., xvii, 2846, Jan, 1885. G. F. B. 

8. A Treatise on the Principles of Chemistry ; by M. M. Pat- 
TisoN Murr, M.A., F.R.S.E. 488 pp. 8vo. Cambridge, 1884, 
(University Press).—This is a volume of much more than ordi- 
nary importance among recent contributions to chemical litera- 
ture. Excellent books are not wanting in which chemical facts 
are presented, but a profound and thorough work upon Chemical 
Philosophy, suited to the wants of a student who has learned and 
digested these facts, has long been needed and this want is well 
supplied by the present volume. The subject is divided into two 
parts, Chemical Statics and Chemical Kinetics. Under the first 
are discussed the subjects of atoms and molecules, of atomic and 
molecular systems, the periodic law, and the applications of phy- 
sical methods to problems of chemical statics. Under the second 
the leading heads are dissociation, chemical change and chemical 
affinity. The work is full of suggestive matter and will aid all 
students who are desirous of mastering the fundamental principles 
of modern chemistry. It is especially full in its references to 
recent work in the department of chemical physics. 

9. An Introduction to the Study of Organic Chemistry; by 
ApotpH Pinner, Ph.D., Professor of Chemistry in the University 
of Berlin; translated and revised from the fifth German edition 
by Perer T. Austen, Ph.D., F.C.S., Professor of Chemistry in 
Rutgers College. 403 pp. 8vo. New York, 1884, (John Wiley & 
Sons).—This is an excellent text-book of Organic Chemistry and 
cannot fail to be welcomed by instructors in this department ; 
Professor Austen has done a good work in thus making accessible 
to students in this country a volume which has met with such 
marked success in Germany. 

10. The Elements of Chemistry, Inorganic and Organic, by Swv- 
nEY A, Norton, Ph.D., LL.D. 504 pp. 8vo. Cincinnati and New 
York, 1884, (Van Antwerp, Bragg & Co.)—This is an elementary 
volume designed as a text book, and presenting the fundamental 
ae and facts of chemical science in clear and orderly form. 
Numerous experiments, mostly of very simple character, are 
described which the student is expected to perform for himself. 

ll. The possibility of basing a Kinetic Theory of Gases upon 
Attracting Force alone.—Hitherto the hypothesis has been acted 
upon that there is a repulsive force between molecules—the hy- 
pothesis of elastic spheres being mechanically equivalent to the 
hypothesis of a repulsive force which for distances greater than 
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the sum of the radii of the molecules is equal to zero and for 
smaller distances increases to a great degree. BoLrzMaNN re- 
marks that Joule’s research on the flow of gases without the pro- 
duction of work shows that between the gas molecules an attractive 
force must act. Boltzmann therefore considers the question 
whether the hypothesis of attracting force alone is a tenable one. 
He finds that Maxwell’s formulas based upon the old hypothesis 
of repulsive force apply to the new hypothesis with suitable 
changes in the constants.—Anvn. der Physik und Chemie, No. 1, 
1885, pp. 37-44. J. 
12. Hlectrical Kesistunce of distilled water.—F RizpRIcH Kout- 
RAUSCH shows that water distilled in a vacuum has a much 
greater resistance than ordinary distilled water which takes up 
gases which affect its specific resistance. He describes fully the 
apparatus by means of which he distilled water in a vacuum 
of 0°01"™ of mercury pressure. In measuring the resistance of the 
water a galvanometer with quick moving needle was used in 
preference to a dynamometer with alternating currents. The 
galvanometer was more sensitive than the dynamometer or tele- 
phone, and polarization was avoided by depressing the battery 
key for an instant’only and taking observations with reversed 
currents. The resistance of one ohm is represented by a layer of 
water 1 square millimeter in section and 26 billionths of a meter 
in thickness. The resistance of a column of water 1 square milli- 
meter in section and 1 meter long is about 4°10 ohms. A cop- 
per wire of the same section and resistance would be 24:10° 
kilometers, which measures a distance through which it would 
take light 2°2 hours to travel—Ann. der Physik und Chemie, 
No. 1, 1885, pp. 48-52. a. 7. 
13. Double refraction of light in fluids.—Double refraction has 
hitherto been noticed only in substances which possess an axis— 
and the refraction is closely related to the direction of this axis—or 
in substances submitted to a pressure in definite directions. E. v. 
FLEIScHL, acting upon the belief that a suitable combination of a 
right-handed circular polarizing liquid with a left-handed circular 
polarizing liquid might produce two wave-fronts which would give 
double refraction, constructed a long glass vessel which was 
divided by diagonally placed glass partitions. The glass tray 
thus resembled the arrangement of prisms in a direct spec- 
troscope. The hollow prisms thus formed were filled on one side 
with a right-handed polarizing liquid and those on the opposite 
side with a left-handed polarizing liquid. A solution of levulose 
in water was used for the latter and ordinary right-handed sugar 
for the former. The arrangement of the apparatus was as follows: 
a small opening was made ina screen in front of a gas flame. 
The light from this passed through the train of prisms. About 
five meters from the latter was placed a telescope provided with 
an astronomical eye-piece which magnified 65 times. On looking 
through the telescope not one point but two were seen near one 
another. The appearance was like that of a well separated 
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double star; orange oil and mixtures of turpentine gave results 
similar to those obtained with sugar. The two images were 
shown to be polarized in different planes, and the author believes 
that he is justified in concluding that there are doubly refracting 
filnids which have no optical axes; and that circular polarization 
in liquids is due to this double refraction. The wave surfaces of 
light in these liquids consist of that of two concentric spheres.— 
Ann. der Physik und Chemie, No. 1, 1885, pp. 127-144. 3. T. 
14. Penetration of day light in the water of Lake Geneva.—MM. 
For and Ep. Sarasty’s experiments consisted in exposing photo- 
graphic plates at various depths in the lake. They used Monck- 
hoven’s rapid gelatino-bromide plates. The special apparatus 
consisted of a brass photographic holder, the slides of which were 
closed by a pair of levers joined like scissors, and actuated by a 
weight. These levers separate by means of a counter acting spring 
as soon as the weight of the lead in touching the bottom releases 
the spring. The plates were exposed a certain length of time in 
a horizontal position at a given distance below the surface of 
the water. The time of exposure was always ten minutes. The 
developer consisted of the normal oxalate of iron, which was used 
for ten minutes on each plate. The plates were all coated with 
the same emulsion. The experiments were made in front of Evian 
where the lake over a large extent is 315 meters in depth. It 
was found that day light penetrates into lake Geneva to the depth 
of 170 meters, and probably farther. At this depth the illumina- 
tion in full day light is about that of a clear night without a moon. 
At 120 meters the light is still very strong. In September, in 
cloudy weather the light penetrates farther and with greater 
intensity than in perfectly bright August weather. This fact 
may be due to the difference in transparency of the water during 
these months or to the greater obliquity of the rays of the sun in 
September.— Comptes Rendus, Nov. 10, 1884. ‘2 
15. New Form of Daniell Cell—HEtmuoxtz at the meeting of 
the Physical Society of Berlin, January 9th, describes the following 
modification of a Daniell cell. At the bottom of a deep glass 
goblet he placed a copper spiral which is connected with an insu- 
lated platinum wire in a glass tube. Above the spiral is placed 
a solution of sulphate of copper which could be replaced by means 
ofa funnel reaching to the bottom. On the solution of copper 
lay the solution of white sulphate of zinc in which was placed the 
zinc cylinder. A siphon, the outer leg of which was directed from 
below upwards, dipped into the fluids as far as the bounding plane 
of the two fluids, so that, on filtering in a fresh solution, only the 
solution of white vitriol immediately above the blue copperas, and 
contaminated by it flowed off. This arrangement had the effect 
of keeping the upper fluid constantly water clear, though after a 
while some copper was found precipitated upon the zine cylinder. 
The constancy of the cell was however not perceptibly impaired.— 
Nature, January 29, J. 
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16. Researches on Solar Heat and its Absorption by the Earth’s 
Atmosphere: A report of the Mount Whitney Expedition, pre- 
pared under the direction of Major-General W. B. Hazen, Chief 
Signal Officer, by S. P. Laneiey, Director of the Allegheny 
Observatory. 242 pp. 4to, with a map, twenty-one plates and 
wood cuts. Washington, 1884, (Professional Papers of the Signal 
Service, No. XV).—This volume contains a detailed account of 
the expedition of Professor Langley to Mt. Whitney in the Sierra 
Nevada, in 1881, and his observations undertaken in connection 
with it. The importance of the results reached by him as bearing 
upon solar and terrestrial physics can hardly be overestimated, 
and it is well to have the whole subject presented in full in a sin- 
gle volume ; some of the leading conclusions of the expedition are 
presented in articles by Professor Langley in volumes xxvii and 
xxviii of this Journal. 

1%. Tables, Meteorological and Physical, by ARNoLp Guyot, 
Ph.D., LL.D. Fourth edition, revised and enlarged, edited by 
Linsey, Jr. 738 pp. 8vo. Washington, 1884, (Smithson- 
ian Miscellaneous Collections).—An interval of twenty-five years 
has passed since the publication of the last edition of Dr. Guyot’s 
standard tables. The subject matter of the present edition was 
nearly finished at the time of the death of the honored author, 
about a year ago, and the final editorial work has been well per- 
formed by Professor William Libby, Jr. The volume appears 
now much enlarged and improved and fitted for even a wider 
sphere of usefulness in the country than it has filled heretofore. 


II. GroLoGy AND MINERALOGY. 


1. The Copper-Bearing Rocks of Lake Superior ; by R. D. 
Irvine—The editorial note on this subject in this Journal for 
January, 1885 (p. 67), gives a comparative statement of the views 
held by myself and Professor N. H. Winchell with regard to the 
Copper-bearing Rocks of Lake Superior, and the adjacent forma- 
tions. It is shown therein that we are in general accord as to the 
mutual relation of these several formations, but differ as to their 
positions in the general geological scale. While Professor 
Winchell would make the Keweenaw series equivalent to the New 
York Potsdam, and the unconformably overlying fossiliferous sand- 
stones newer than the Potsdam, I,’on the other hand, would make 
the latter sandstones Potsdam, and the Keweenaw series pre-Pots- 
dam. My object just now is to call attention to the paragraph of 
the note referred to in which it is said that Professor Winchell’s 
argument, in favor of his position as to the Potsdam age of the 
Keweenaw series, drawn “from the fossils in the slates and sand- 
stones of the St. Croix is indecisive, as remarked by Professor 
Irving, since the precise age of the fossils, whether Puesten or 


later, is not certain. The Lingule of the sandstones of Taqua- 
menon Bay, found by Rominger, which led him to refer those sand- 
stones to the Potsdam, Professor Winchell says make the Kewee- 
naw series Potsdam, 7f the rocks are equivalents.” 
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With regard to the fossils of the St. Croix sandstones it is to be 
noted that their true Potsdam age has been maintained not only 
by Hall but aiso quite recently by Whitfield (Bulletin No. 5 of Am. 
Mus. Nat. Hist., also this Journal for April, 1884, p. 321) and 
Walcott (this Journal, Dec., 1883, pp. 439-442); so that we have 
now the very best of paleontological authority for this reference. 
Not feeling that I possessed sufficient familiarity with the fossils of 
the Primordial generally to justify my criticising Winchell’s ref- 
erence of those of the St. Croix sandstone to a higher horizon 
than the Potsdam, I was obliged in my discussion of the geologi- 
cal position of the copper-series (Copper-Bearing Rocks of Lake 
Superior, pp. 442-446) to accept his statements as to this point 
for the sake of the argument. But the opinions since announced 
by Walcott and Whitfield, who are familiar with all the newer 
paleontological material from the earlier Cambrian horizons, as 
well as with that upon which Hall based his conclusions twenty 
or more years since, seem to leave no room for doubt gs to the 
true Potsdam age of the St. Croix fossils. The unconformable 
position of the Keweenaw series beneath the St. Croix sandstone 
being accepted, its pre-Potsdam age is thus rendered evident, as 
I have heretofore maintained, on other than paleontological 
grounds. 

As to the Lingule of Taquamenon Bay, spoken of in the above 
quotation as found by Rominger, there is evidently a misunder- 
standing, since Rominger states distinctly that the Lingula found 
at Taquamenon River, was found in a loose fragment of a highly 
calcareous sandstone, mixed with the drift pebbles near the shore 
of Taquamenon Bay,” and that “the calcareous nature of this 
specimen from Taquamenon River..... points to ” the Calcif- 
erous formation which here overlies the Lake Superior sandstone 

Geological Survey Mich., vol. i, Part III, p. 80). He also says 
op. cit., p. 81) that the Lake Superior sandstones “have frus- 
trated all my efforts to discover fossils in them ;” and again (p. 
80) that “there is no record of any instance in which recognizable 
fossils were found én situ in the Lake Superior sandstone.” With 
regard to the sandstones exposed on the Taquamenon River (p. 
84) he says, that they are wholly siliceous and non-caleareous, 
and that, therefore, they could not have afforded the fossil-bear- 
ing, caleareous fragments found loose on the shore of the bay. 
Of fossiJs in them, he could not find a trace. 

Moreover, there is no question with any one except Winchell, 
so far as I know, that the Taquamenon River sandstones form 
part of the Eastern sandstone which he speaks of as in other 
places lying unconformably against the Keweenaw series, in which 
latter position he is, as I think, undoubtedly correct. 

The Taquamenon River sandstone, therefore, affords no argu- 
ment against the pre-Potsdam position of the Keweenaw series. 
The fossil-bearing sandstones of the St. Croix valley furnish good 
reason for believing in such a position. 

Madison, Wis., January 12th, 1885. 
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2. The Vertebrata of the Tertiary Formations of the West. 
Book I; by Epwarp D. Corr. 1010 pp. 4to, with over 100 
plates. Washington, 1883. Vol. III of the Reports of the U. 8. 
Geological Survey, F. V. Haypen, Geologist-in-Charge. Pub- 
lished under the authority of the Interior Department.—This 
ponderous volume, by Professor Cope, adds another to the very 
valuable series of quartos published as the results of the Geologi- 
cal Survey under Dr. Hayden; “and the fourth volume which is 
to follow,” says Dr. Hayden in his letter of transmittal dated 
Jan. 1, 1883, “‘may be regarded as a continuation of the present 
one, both comprising the material in the author’s possession from 
the Cenozoic formations of the West.” This volume III contains 
the Eocene faunez (Puerco, Wahsatch and Bridger sections) “and 
the Lower and Middle Miocene (White River and John Day 
Faune), the Ungulates excluded; leaving to volume IV, besides 
these Ungulates, the Upper Miocene and Pliocene Faune. The 
report is a great contribution to American Vertebrate paleon- 
tology of high value. The most important of the results to 
science, among those of the volume, as enumerated by Profes- 
sor Cope, are: discoveries of the Laramie genus Champsosaurus, 
and of Plagiaulacide in Tertiary beds; discoveries serving to 
illustrate five families and many genera and species of the Creo- 
donta; the family Periptychide and its included genera; the 
families Meniscotheriidw, and Phenacodontide; the suborder 
Condylarthra; the Pantolambdide, and the suborder Taligrada, 
and its applications in phylogeny; the Anaptomorphide of the 
Prosimiz ; the reconstruction of Hyracotherium and Hyrachyus; 
numerous Marsupialia from the Lower Miocene; besides the 
phylogenetic series of the Canide and Felidz. The volume opens 
with a brief geological review of the Rocky Mountain Tertiary 
regions and stratigraphy, and then proceeds to its paleontological 
descriptions. The numerous lithographic plates are full of ex- 
cellent figures. 

8. Contributions to the Fossil Flora of the Western Territories, 
Part III: Zhe Cretaceous and Tertiary Flora ; by Leo LxEsqur- 
REUX. 277 pp. 4to, and over 60 plates. Volume VII of the 
quarto Reports of the U. S. Geological Survey of the Territories, 
F. V. Hayden, U. S. Geologist-in-Charge.—This is a second very 
valuable Report of the Hayden series issued within the past month. 
Mr. Lesquereux’s previous volume, making volume VII of the 
series (bearing the date 1878) was devoted to the Tertiary flora 
of the Rocky Mountain region. The new volume is occupied 
with the Cretaceous, and additions to the Tertiary flora from the 
Laramie, Green River and Miocene beds. Besides, the author 
gives a revision of his former work on the subject under the new 
light afforded by more specimens, and recent publications on the 
fossil flora of other authors and regions, and tables showing the 
distribution of all the species, making this volume one of special 
value. The Dakota group, of the Middle Cretaceous, the source 
of the Cretaceous species, has had its limits extended by new dis- 
coveries, and now is known to occur at intervals from Kansas to 
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Colorado, an area 450 to 500 miles wide. The learned author 
remarks that the fact of the sudden appearance of the dicotyledons 
in the Cretaceous, and under numerous genera and species, through- 
out the northern hemisphere both in America and the eastern con- 
tinent, is as yet inexplicable. ‘“ Nothing in the preceding strata,” 
he observes, “indicates the decadence of the reign of gymnosper- 
mous plants, or shows any kind of difference which could lead one 
to presage the appearance of the dicotyledons.” This vegetation 
has been traced from Greenland to Vancouver Island and along 
the Rocky Mountain region through Canada, to Colorado and 
Kansas, and in Europe to Germany, in about 40° north latitude. 

The printing of this Report has been delayed much since its 
completion. ‘The volume has been distributed during the month 
past. The title page bears the date 1883. 

Lesquereux states that the species of the Dakota group, now 
over 150 in number, include only one conifer and one dicoty- 
ledon (Populus primeva) of the species described by Heer from 
the beds of Korne, Greenland, which this author refers to the 
Lower Cretaceous, but four conifers and eleven dicotyledons of 
those from the later beds of Atane, Greenland, the latter belong- 
ing to the genera Pinus, Sequoia, Winfeldia, Platanus \P. Heerii) 
Fieus, Sassafras, Diospyros, Andromeda, Cissites, Magnolia, 
Liricdendron and Sapindus. 

4. Reports of the Tenth Census on Petroleum, Coke and Build- 
ing Stones. About 900 pages 4to, with numerous plates. Census 
office, Coartes W. Superintendent. Washington, 1884. 
—The reports included in this volume are: on the Production, 
Technology and uses of Petroleum and its products, by S. F. 
PreckuamM; The Manufacture of Coke, by Josepu D. Werks; 
Building Stones of the United States and Statistics of the Quarry 
Industry for 1880. The third report was originally in the hands 
of Dr. George W. Hawes; after his lamented decease, the work 
was continued by others and brought to completion under the 
supervision of Mr. Henry Gannett. All three reports are full of 
information of practical and scientific value on the topics of which 
they treat. The Report on Petroleum enters fully into the history 
of the industry in this and other countries; illustrates the distri- 
bution in this country by various maps and detailed descriptions, 
geological as well as topographical, treats of the technology and 
statistics of the subject, and all matter connected with the use of 
petroleum and its products; and closes with a long Bibliography. 
The subjects of Coke and Building Stones are presented with 
like thoroughness. The latter report contains an important 
chapter by Dr. A. A. Julien, on the subject of “ The Durability 
of Building Stones in New York City and vicinity,” which has a 
wide bearing in its facts and explanations. 

The volume closes with a series of chromo-lithographs (from 
the establishment of Bien & Co.) representing various polished 
marbles, granites and other rocks, which are admirable; a volume 
of such plates, if as faithfully prepared, would be of great value 
to the Ornamental Stone industry. 
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5. “ Les Facies Géologiques”; by Professor E. RENEviER (Arch. 
Sci. Phys. et Nat. Geneva, Oct., 1884).—By “facies” Professor 
Renevier means a sedimentary formation that was made under 
special conditions of origin. This condition may be expressed in 
both the mineral, stratigraphical and paleontological features, and 
in whatever indicates whether a stratum or formation is marine, 
aerial or fresh-water in origin; if marine, whether of deep sea or 
shallow sea origin, sea-shore or off-coast; of open shore, bay or 
river-mouth origin; of exposed coasts or sheltered coasts; if of 
terrestrial origin, whether of ordinary fluvial, or extraordinary ; 
of open lakes or of marshes; of salt-lakes, or brines, or fresh- 
water; of hot water or not; and soon. The author observes 
that in geological investigations, these points and others bearing 
on the object in view should be carefully considered. He gives 
reasons for the conclusion that the “flysch” of the Eocene is 
littoral in origin, and pronounces the flysch a “ facies littoral.” 
Under “formations subaériennes” he describes four facies, the 
Crenogen facies, resulting from mineral deposition like the geyser 
deposits: Ossiferous facies, surface accumulations of bones, or 
bone-breccias; the erratic or glacier facies; the dune facies. 
Other facies are recognized under other general conditions. The 
same geological formation will usually be of one facies in one 
place, and a different in another, and only the narrower subdivis- 
ions will ordinately be throughout of one facies. 

6. Floods in the Ohio River.—A valuable paper on this subject 
by Mr. Watrer A. Dvn, is published in the Journal of the 
Cincinnati Society of Natural History, vol. vii, No. 3, 1884. He 
sustains the view that forests have little influence over the height 
of the floods. 

7. Original Researches in Mineralogy and Chemistry; by J. 
Lawrence Situ, Membre Correspondant de l’Institut de France, 
etc. Edited by J. B. Marvriy, B.S., M.D. xl and 630 pp. 8vo. 
Printed for presentation only.—Twelve years have passed since 
a volume of the collected papers of Dr. J. Lawrence Smith was 
published. The volume now issued contains besides the papers 
in the former ‘volume, the various important memoirs later pub- 
lished by him—his scientific activity ceasing only within a few 
months of his death. The volume opens with a biographical 
sketch prepared by Dr. Marvin at the request of the American 
Academy of Arts and Sciences; a memorial sketch by Dr. Mip- 
DLETON Micuet, of Charleston, South Carolina, where Dr. Smith 
was long Professor of Chemistry; and a sketch of his life and 
scientific work by B. Sirtm™man, written for the National Academy 
of Sciences. It closes with a list of his published papers and 
notes, numbering in all one hundred and forty-five. The frontis- 
piece is a faithful likeness of Dr. Smith, taken from that prepared 
for the J. Lawrence Smith gold medal of the National Acad- 
emy, to which Professor Silliman alludes as follows in the closing 
paragraph of his just and highly appreciative address: “ We 
rejoice that though dead he yet lives, and that the work he loved 
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so well will be perpetuated, under the auspices of the Academy, 
by a noble endowment bestowed in memoriam by his devoted 
wife.”* The record of his researches and discoveries in the new 
volume will further make his energy a lasting source of progress 
to science. 

8. Fourth Annual Report of the State Mineralogist of Cali- 
fornia, for the year ending May 15, 1884. 410 pp. 8vo. Sacra- 
mento, 1884.—Mr. Henry G. Hanks, the State mineralogist, has 
prcsented to the State of California, and to the mineralogical 
public, another large and valuable volume. It contains besides 
the report special, a chapter on the agricultural, commercial and 
manufacturing resources of the State, and a third giving a cata- 
logue and description of the minerals of California, with special 
reference to those having an economic value. This catalogue 
extends to nearly 350 pages and describes 161 species, alphabeti- 
cally arranged. The metals and mineral coal are mentioned in 
most detail. The volume opens with two excellent lithographs 
representing the San Bernardino meteoric iron. 

9. Minerals from Middletown, Conn., by W. N. Rice, (com- 
municated in a letter to Prof. G. J. Brush, dated Jan. 17).—The 
following additional finds of minerals in this vicinity may be 
worthy of notice :—Monazite, at Hale’s quarry, in northern part 
of Portland. A few of the crystals are of considerable size, the 
largest exceeding two centimeters in length. All the crystals 
show the planes 7-2, J, 1-2; some of them show also 1, 1-2, 2-2. 
Crystals are of dull brownish red color and feeble luster. Hya- 
lite, at same locality. The mineral fills cracks and lines cavities 
in the granite. It is stained by some impurity so as to show a 
delicate apple-green color. Bismutite, at Pelton’s quarry, in 
eastern part of Portland. The two minerals are intimately mixed 
together, forming lumps of grayish green color. Microscopic 
examination serves to distinguish in the mass the white parti- 
cles of cerussite effervescing with nitric acid, from the green non- 
effervescent particles of pyromorphite. 

These minerals, with the three previously noticed—samarskite, 
rhodonite, Torbernite.—make a considerable addition to the 
already long list of minerals observed in our granite veinstone. 

10. Chrysoberyl in Maine.—Mr. N. H. Perry, of South Paris, 
Maine, states that he has found chrysoberyl at Stoneham, also at 
Canton, Peru, Norway and Stow, but thus far not in fine speci- 
mens. Some of the small dark colored crystals in the fibrolite at 
Stoneham are however quite perfect in form. The small crystals 
occur at Canton and Stow with large coarse crystals. 


* See this Journal, III, xxviii, 77, 1884. 


4 


Screntifie Intelligence. 


III. Botany AND Zoouoey. 


1. Report on the Forests of North America; by CuaruEs S. 
Sareent, Arnold Professor of Arboriculture in Harvard College. 
Vol. ix of the Report of the Tenth U.S. Census. Washington, 
1884. pp. 612, 4to, with 39 maps in quarto; also an Atlas of 
16 elepbant folio maps, illustrating distribution and character of 
forests.—A great work faithfully done. There are first a dozen 
pages of general remarks on the forests of the country as to dis- 
tribution, touching upon its relation to rainfall, the distribution of 
the genera and of the species. This is followed by 220 pages (a 
full index included) of what is called a Catalogue of the Forest 
Trees of North America (exclusive of Mexico) with remarks upon 
their Synonymy, Bibliographical History, Economic Value, and 
Uses. The Catalogue is of course complete and is systematically 
arranged under the orders and genera; the bibliography really 
seems to be exhaustive, and the synonymy nearly so. The popular 
names follow, in a separate line and type. ‘The geographical range 
is then given, occasionally with citation of authorities. Then the 
height of the tree and diameter of its trunk, in a general way. 
Finally the character of the wood is specified, including its specific 
gravity and the amount of ash. 

Part II, The Woods of the United States, fills over 250 pages 
with the results of investigations (by Mr. Sharples) upon the 
qualities of the wood of the different trees, the specific gravity 
and ash, the fuel value, strength both tensile and under compres- 
sion, etc., largely in the form of tables. A double quarto map 
exhibits the character of the fuel used in different parts of the set- 
tled country; another, with accompanying tables, illustrates the 
section on forest fires and makes their enormousness (we might 
write it enormity) manifest by showing what has occurred 
during the census year. 

Part III takes up The Forests of the United States in their 
Economic Aspects, tabulates the lumber industry, illustrates de- 
scriptively and by colored maps the density and the character of 
the forests now standing in every State and Territory. The huge 
folio maps illustrate some of the data upon a larger scale than the 
more convenient ones intercalated in the letter-press. One of them 
shows the position of the forest, prairie, and treeless regions of 
the continent; another, the natural divisions of the forests; a 
dozen others are devoted to distribution of particular species of 
trees, being those of greatest economical value; and the last exhib- 
its the relative average density of existing forests. The general 
index fills thirty pages, that of the Catalogue of the species and 
their synonyms, twenty more. 

Evidently no labor nor pains have been spared. Considering 
the elaborate way in which the synonymy and the bibliography 
have been given, one must wish that a certain amount of popular 
botanical description had been added, either under each species 
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or in synoptical characters under each genus. This, we know, it 
is intended to supply in another work, a popular Sylva, but the 
total absence of such matter here is conspicuous. Moreover, while 
the wood is characterized, the bark is annoticed. The latter is 
often more characteristic than the wood, is more obvious, and is 
not rarely of equal or greater economical importance. ‘The same 
may be said of the fruits. If as respects the botanical part, we 
have not the complete superstructure, we have a good foundation. 
A. G. 

2. Macoun’s Catalogue of Canadian Plants; Part Il. Gamo- 
petale. Issued by the Geological and Natural History Survey of 
Canada, A. R. C. Setwyn, LL.D., F.R.S, etc., Director, Montreal; 
Dawson Brothers, 1884, pp. 193-394, 8vo.—Professor John 
Macoun, the indefatigable Botanist of the Canada Survey, brought 
out the Polypetale of this elaborate Catalogue early in the year 
1883, in 192 pages, and now at the close of 1884 he adds the 
Gamopetale. Canada must here be understood in its extended 
sense of the whole British Dominion in North America, and even 
Alaska is included, scientific prevailing over political considera- 
tions. Geographical ranges and stations are given with fullness 
and critical particularity. A little longer delay in the printing of 
the Composite would have secured more uniformity in the 
nomenclature with that of the Synoptical Flora of North America. 
It was a long stretch to bring in Arnica Sachalinensis, Sachalin 
Island being indeed very far “ off the coast of Alaska.” Perhaps 
the present writer may be somewhat to blame for this, by not 
stating where the Sachalin or Saghalin, or Sagalin, is situated 
when he characterized that species. Professor Macoun may be 
quite right in the opinion that Andromeda ligustrina has been 
credited to Canada only through the unreliability of Pursh and the 
misconception of later botanists. But, as Carey and Washburn 
have collected it in Vermont, and as Oakes certified that Rob- 
bins found it as far north as Gardiner, Maine, it may well have 
reached the Canada line. 

In respect to the extension of this name, Canada, which has 
so long had a definite meaning restricted to the two provinces, 
Upper and Lower, it seems to us as wrong as it is confusing to 
extend it across the continent and include in it British Columbia. 
Better make a new name if one is wanted, for the British Posses- 
sions in North America. A. G. 

3. Histoire des Sciences et des Savants depuis deux Siécles, 
précédée et suivie d’ autres études sur les sujets scientifiques, en 
particulier sur  Heredité et la Selection dans  Espéce Humaine ; 
par ALPHONSE DE CaNnDOLLE, Associé étranger de l’ Academie des 
Sciences de Paris, etc., etc.—This is a second edition, much en- 
larged and in some particulars changed from the first, which was 
published twelve years ago. It bears the date of 1885, but was 
issued toward the close of the preceding year. It discusses so 
many topics, and some of them with such particularity that a re- 
view, or even a full notice of the contents, of this stout octavo of 
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600 pages, will not be expected of us. Some idea of the varied 
interest of the volume may be gathered from our statement that, 
after three brief essays on the observation, first of material and 
then of social facts, and upon the best way to study statistics, we 
have a very full discussion upon the part which heredity, varia- 
bility, and selection play in the development of the human spe- 
cies. At its close the author enquires whether the frequent 
tendency of civilized men to return toward barbarism is a matter 
of direct heredity or of atavism, and whether it is probable that 
civilization will some time completely perish off the earth. After 
this startling suggestion the author speculates scientifically upon 
the probable future of the human species. 

The next essay, reprinted from the first edition with some 
changes, explains upon the principles of natural selection why 
contagious and epidemic diseases are more fatal at their first 
appearance among a people than afterwards, and how it is that 
vaccination may after long use come to be less protective than at 
first. 

Then comes the article which gives its title to the volume, and 
fills more than half of it. It is an analysis of the lists of foreign 
members of the Institute of France, the Royal Society of London, 
and the Academy of Sciences at Berlin, for two centuries, and 
a discussion of the data in reference to the institutions of the 
countries and the races which furnished the savants, the influence 
of heredity, language, climate, etc., etc., and ending with deduc- 
tions as to the causes and conditions which seem most to favor the 
development of the sciences, as well the moral, social, and histori- 
cal as the mathematical, physical, and natural. 

This is followed by the essay (which exvited considerable at- 
tention on its appearance in the first edition), upon the advantage 
for science vf a dominant language, and the expression of a well- 
reasoned opinion that the English language will be, and deserves 
to be, the dominant language of the twentieth century. In 
view of which the author alludes to the serious infirmity of our lan- 
guage, its loose and lawless orthography and pronunciation. There 
is also a short article on the different senses of the word Nature, and 
consequently of the words natural and supernatural, which does not 
go very deeply into the subject ; and a new one upon transforma- 
tions of movement in organized beings, plastic movements, vitality, 
etc. We notice that, although the author has no faith in the 
growing of mummy-wheat and the like, he thinks that the preserva- 
tion of the vitality of a seed for two or three thousand years is not 
in itself improbable ! A. G. 

4. Jahrbuch des Kéniglichen botanischen Gartens und des bot- 
anischen Museums zu Berlin ; herausg. Dr. A. W. Ercu.er, ete. 
Band III. 1884.—The third volume of this new annual, an 8vo. 
of 350 pages and with eight plates, thus promptly appears at the 
close of the year 1884, under the Director editorship, with the co- 
6peration of Dr. Garcke, Curator of the Museum, and Dr. Urban, 
Curator of the Gardens. The principal editor begins the volume 
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by a brief account of the operations of the establishments under his 
charge. G. Volkens has a long article on the relations between 
the habit and anatomical structure in the organs of vegetation of 
plants. F. Johow discourses upon the biology of floral and extra- 
floral show-apparatus, i. e. the colored parts of or near flowers. 
E. Loew fills a large part of the volume with his observations upon 
insect-visitation ot blossoms of plants in the open ground of the 
Botanic Garden at Berlin. K. Schumann investigates the ety- 
mology of the names and the history of Cloves; also the terato- 
logy of Gagea pratensis. M. Fiintstiick has an illustrated paper on 
the development of Lichenes. Th. Wenzig gives a new synopsis 
of American Oaks. W. Schwacke writes upon the Curare arrow- 
poison of the Tecuna Indians, and gives a sketch of the flora of 
Manaos in Brazil. I Urban brings together some Miscellanea 
upon plants of the Berlin garden. K. Prantl gives a systematic 
arrangement and notes upon the geographical distribution of the 
Ophioglossec. A. G. 

5. Origin of Cultivated Plants. By ALPHONSE DE CANDOLLE. 
New York, D. Appleton & Co. 1885., pp. 468, 12mo, (The Inter- 
national Scientific Series, vol. xlviii.—We gave an elaborate 
review of this interesting volume in this Journal, upon the first 
appearance of the original French edition, three years ago. Its 
re-issue now in English, we are glad to know, will assure to it a 
wider circulation. The translator’s name is not given; but he ap- 
pears to have done his work well. In two or three paragraphs at 
the proper places the author refers to “the learned articles” in 
our pages. The erudition was supplied by Mr. Trumbull, whose 
stores of information respecting aboriginal cultivations in America 
we should be glad to draw upon more largely. A. G. 

6. Abnormal and pathologic forms of fresh-water shells from 
the vicinity of Albany, New York, with two plates; by C. E. 
Brecuer (36th Rep. N. Y. State Mus. Nat. Hist.).—The abnor 
mal forms which Mr. Beecher describes includes unusually ex- 
panded apertures in Physa ancillata Say and Planorbis exacutus 
Say, a heterospiral growth of the shell in Gillia altilis Lea, the 
shell having the first three volutions normal, and the spiral re- 
versed for the last volution; a carination of the volutions and 
narrowing of the upper part of the aperture in Somatogyrus sub- 
globosus Say; the last two volutions free in Valvata tricarinata 
Say; a sinistral form in Planorbis exacutus Say ; and abnormal 
forms also in several Unios. 


IV. MiscELLANEOUs ScIENTIFIC INTELLIGENCE. 


1. Memoirs of the National Academy of Sciences, vol. II. 262 
pp. 4to, with several plates. Washington, 1884.—This second 
volume of the Memoirs of the National Academy of Sciences 
recently issued, contains the following important papers : 1, Report 
of the Eclipse Expedition to Caroline Island, May, 1883; 2, 
Experimental determination of wave-lengths in the invisible pris- 
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matic spectrum, by Prof. 8. P. Langley; 3, On the subsidence of 
particles in liquid, by Prof. W. H. Brewer; 4, On the formation 
of a deaf variety of the human race, by A. Graham Bell. 

2. The Watts Fund.—The Committee having in charge the 
raising of a fund for the family of the late Mr. Henry Watts 
(see page 172 of the last number), announce that nearly £1500 
have already been contributed in England; American chemists 
will doubtless be prompted to do their share in aiding this good 
work, 

Transactions of the Vassar Brothers Institute, and its Scientific Section. Pough- 
keepsie, N. Y. Vol. ii. 1883-1884.—Among the papers in this volume there 
are the following: a notice of a bed of hematite in connection with Lower Helder- 
berg limestone at Cold Hill (a secondary product), in Cornwall, Orange County, 
New York, by Professor W. B. Dwight; notes on the Carcharodon carcharias. 
with figures, by Dr. W. G Stevenson: on uniformity in climate in past geological 
ages, by C. B. Warring; on evidence of intelligence in butterflies, by J. M. 
Garmo; on paleontological discoveries near Poughkeepsie, by W. B. Dwight. 


OBITUARY. 


ALFRED Ty tor, Esq., of Carshalton, County Surrey, England, 
died on the 31st of December, in his sixty-first year. Mr, Tylor 
was an active geologist, member of the Geological Society of 
London. He contributed a number of memoirs as the result of 
much research, to the Society which are published in its Memoirs. 
The subject to which he was especially devoted was that of 
fluvial action, or river deposits and the conditions of their forma- 
tion. On account of the great extent of the river terraces in the 
era following the glacial, and the excessive rains during the era 
which the terraces were believed by him to indicate, he named 
the era previously called in America, the Champlain period, the 
Pluvial period. Mr. Tylor was at the Montreal meeting of the 
British Association, and afterward visited various places in this 
country. He was a very genial man, overflowing with interest 
in his geological work, and also abounding in information on 
other subjects. He was a member of the Society of Friends. 

Rogert Gopwin-AUvsTEN, eminent among the 
older geologists of England, died on the 25th of November last, 
age 76. 

Mr. Austen’s papers are numerous and have had great effect on 
the progress of British and general geology. He was elected a 
Fellow of the Geological Society in 1830, and a Fellow of the 
Royal Society in 1849, and received from the Geological Society 
the Wollaston Medal in 1862. A review of his life and a list of 
his published geological works and papers is contained in the 
Geological Magazine for January last. 
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